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Preface
The cost of a college education has become excessive in the United
States. Stories of students graduating with a decade or more of
debt are not uncommon. Contributing to such debt are things like
room and board, tuition, athletics fees, technology surcharges, and
textbooks. Textbooks are not at the top of the list for expenses but
considering how their costs have exceeded the rate of inflation of
late, and how their contents can so readily become dated—or simply
left unread by the student—certain steps can be taken to reduce at
least this expense for the college student of the ‘20s. This opensourced, non-copyrighted book is one such example of such a step.
Produced in part with assistance of an Ohio University 1804 grant,
this book seeks to limit direct college expenses to students who
require the information it contains.
This book is intended to teach the basic tenets of occupational
hygiene and safety to a wide variety of undergraduate college
students with quite diverse backgrounds. Although helpful,
chemistry, physics, biology and advanced math are not necessary
to understanding and comprehension of the materials it contains.
Most of the content is of a qualitative nature, and where more
mathematical or engineering topics are covered, Google and
YouTube are your friend.
Much of the technical content of Occupational Hygiene & Safety
has been written based on over twenty years of teaching the topic at
Ohio University. This includes the many graphics, tables, photos and
thought questions pulled directly from my presentations developed,
then repeatedly revised and updated, over the years. An almost
equal volume of material has been reproduced from materials in the
public domain in the United States of America. Primary sources for
such text, photos, graphics and calculations include the National
Institute for Occupational Safety and Health (NIOSH), the
Department
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of

Labor’s

Occupational

Safety

and

Health

Administration (OSHA), the Environmental Protection Agency (EPA),
and the US Centers for Disease Control and Prevention (CDC).
Where appropriate, specific research articles and journal citations
are provided. I am greatly indebted to the unsung authors of so
many of the paragraphs and sections I unabashedly pulled from
their websites, documents, reports, and examples. The writing,
editing, and formatting of this text are due to the work of Olivia
Bower (B.S., M.Ed) through Ohio University’s 1804 grant.
What to include in a book such as this is quite subjective. To assist
in that selection process a number of highly regarded textbooks
and manuals of occupational health and industrial hygiene were
screened. These included the classic and premier “White Book”
titled The Industrial Environment — its Evaluation and Control
published by NIOSH in 1973. Another classic was the so-called “new
White Book” (officially titled The Occupational Environment: Its
Evaluation, Control, and Management). Published by the American
Industrial Hygiene Association first in 1997, it was updated in 2003
and substantially revised again in 2011. I looked to it for pertinent
topics suitable for the intended audience of this book, and my
chapter from that formed the basis for most of my biological safety
content included here. Finally, the 1999 text by Debra K. Nims titled
Basics of Industrial Hygiene, which I used extensively in the time
I taught this class live in the classroom at Ohio University, was
influential in organizing the topics included in this book. Noted by
Nims to be written at the technician level, I consulted it both for
topic presentation order and level of detail. To all of the authors and
editors of these works I am much appreciative.
Tim Ryan
Athens, Ohio, USA
May 2020
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1. Occupational Diseases
Learning objectives and terms

Identify different diseases by their occupational locations
or causes.
Know disease mechanisms to the extent of applying
workplace safety controls.
Understand the regulatory considerations that go into
defining diseases and illnesses.

Terms
•

Asthma (occupational)

•

Berylliosis

•

Building Related Illness (BRI)

•

Cancers

•

Coal Worker’s Pneumoconiosis

•

Cutaneous Anthrax

•

Fungi

•

Hepatitis A

•

Hepatitis B

•

HIV

•

Humidifier fever
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•

Latex Hypersensitivity

•

Legionnaires Disease

•

Leptospirosis

•

Mesothelioma

•

Pneumoconiosis

•

Pontiac Fever

•

Pulmonary Anthrax

•

Q Fever

•

Salmonellosis

•

Sick Building Syndrome (SBS)

•

Tuberculosis

•

Zoonoses

Introduction
Sickness or diminished health that results from a person’s
employment is broadly considered an occupational illness. To the
extent there is a causal relationship between a specific agent and
a specific, predictable set of outcomes ensuing from exposure to
that agent, it may be labeled as a disease. Such is the scenario for
the development of tuberculosis (TB) resulting in acute care clinic
staff as a result of exposure to Mycobacterium tuberculosis bacteria.
Another example is the development of “black lung” among coal
miners who have spent a lifetime in dusty, dirty holes and tunnels
(Figure 1).
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An occupational disease or
illness can be any abnormal
condition or disorder resulting
from a lifetime of exposure (i.e.,
non-acute, like an accident or
spill)

or

from

interaction
Figure 1. Underground miners are one
historically important employment
category that suffer from the
occupational disease called “black
lung” or Coal Worker’s
Pneumoconiosis. Photo by Henrique
Santos.

with

an

syringe)

(i.e.,
HIV

within

a

single

needlestick
contaminated
the

work

environment. Any such incident
reported to the employer is
considered work related if an
exposure at work either caused

or contributed to the onset of symptoms or aggravated existing
symptoms to the point that they meet governmental recordability
criteria (i.e., federal or state OSHA rules). Moreover, if it
seems likely that an event or exposure within the work environment
aggravated a condition, it too is considered work related.
There are very specific criteria laid out by governmental agencies
for deciding whether an employee’s health impacts are work related,
including “if an event or exposure in the work environment either
caused or contributed to the resulting condition or significantly
aggravated a pre-existing condition.” Other health outcomes
include “death, a loss of consciousness, medical treatment (beyond
first aid), cancer, chronic irreversible disease, a fractured or cracked
bone, or a punctured eardrum (OSHA 1904.7(b)(7)).”

For the sake of discussion here, six broad categories
of occupational illnesses are defined as:
1.

Respiratory conditions: Illnesses associated with
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breathing hazardous biological agents, chemicals,
dust, gases, vapors, or fumes at work. Examples are
many, including asthma, silicosis, asbestosis,
pneumonitis, pharyngitis, rhinitis or acute
congestion, farmer’s lung, beryllium disease,
tuberculosis, occupational asthma, reactive airways
dysfunction syndrome (RADS), chronic obstructive
pulmonary disease (COPD), hypersensitivity
pneumonitis, toxic inhalation injury, such as metal
fume fever, chronic obstructive bronchitis and other
pneumoconioses.

2.

Poisoning: Disorders, evidenced by abnormal
concentrations of toxic substances in blood, other
tissues, other bodily fluids, or the breath, that are
caused by the ingestion or absorption of toxic
substances into the body. Examples include poisoning
by lead, mercury, cadmium, arsenic, or other metals;
acute inhalation of carbon monoxide, hydrogen
sulfide, or other gases; poisoning by benzene, benzol,
carbon tetrachloride, or other organic solvents;
poisoning by insecticide sprays such as parathion or
lead arsenate; poisoning by other chemicals such as
formaldehyde.

3.

Hearing loss is a sometimes overlooked
occupational disease. Noise-induced hearing loss is a
change in hearing threshold relative to the baseline
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audiogram of an average of 10 dB or more in either ear,
or if an employee’s total hearing level is 25 decibels
(dB) or more above the audiometric zero. Comorbidity may exist when ototoxic chemical
exposures are present. These conditions are covered
separately in a chapter on noise.

4.

Musculoskeletal disorders (MSDs) include
cumulative trauma (CTD) to the employee and are
typically lumped into diseases with ergonomic
causes. Some of the more common CTDs include a
herniated disc, rotator cuff, tenosynovitis, thoracic
outlet syndrome, meniscus tears, sprains and strains,
hernia (traumatic and nontraumatic), carpal or tarsal
tunnel syndrome, Raynaud’s syndrome or
phenomenon of occupational etiology, overexertion,
and repetitive motion involving microtasks. Such
issues are covered separately in a chapter on
ergonomics.

5.

Skin diseases or disorders: Illnesses involving the
worker’s skin that are caused by exposure to
chemicals, plants or other substances. Examples are
contact dermatitis, eczema, or rash, caused by
primary irritants and sensitizers, or poisonous plants.
Other examples are oil acne, friction blisters, chrome
ulcers, and inflammation of the skin. These conditions
are covered separately in a chapter on occupational
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skin diseases, or dermatoses.

6.

Other Illnesses may also be work-related so long as
they are known or suspected to have been the result
of the employee’s position or were exacerbated in the
workplace. Examples are heatstroke, sunstroke, heat
exhaustion, heat stress and other effects of
environmental heat; freezing, frostbite, and other
effects of exposure to low temperatures;
decompression sickness; effects of ionizing radiation
(isotopes, x-rays, radium); effects of nonionizing
radiation (welding flash, ultra-violet rays, lasers).
Some of these conditions are covered separately in
chapters on thermal stressors and radiation.

Adapted from Bureau of Labor Statistics definitions of
occupational safety and health.

While it is convenient to categorize workplace illnesses into the
six groups just listed, in the “real world” employees can work in
environments allowing overlap of these categories, presenting any
combination of prospects for illness or adverse outcomes. Thus,
any organization of topics in a text at this level is to some extent
arbitrary and perhaps contrived. With that noted, the discussion
here is broken into just five sections organized primarily by industry
or sector. Discussed in some detail here are diseases related to
Dusty Trades and Mining, Farming and Agriculture, Zoonoses,
Environmental Diseases, and Healthcare.
One obviously major yet missing sector is manufacturing. Well
known and recognized company names like Boeing, Honda,
Caterpillar, Merck, Alcoa, Weyerhaeuser and others, representing
8 | Occupational Diseases

aviation, automotive, heavy industry, pharmaceuticals, consumer
goods, and building materials, are examples of areas where overlaps
is the norm, not the exception. Because the category including
them is so large and diverse—manufacturing—the major diseases
included in that category are parceled out throughout this chapter
and, especially, in the other chapters on Noise and Ergonomics.

Dusty Trades and Mining
The term “dusty trades” has been used in the American Census data
for at least three centuries, since the 1800s into the present day.
That is likely because it is so perfectly descriptive of the conditions
leading to the diseases related to those working in such
undertakings. Mining, rock quarrying, stone finishing, masonry,
demolition, cement work, and other such occupations have long
been known to result in significant exposures to those practicing
them (Figure 2).
In the present day, the term dusty trades is much less frequently
relied upon to describe diseases associated with the trade groups
mentioned in Figure 1. Owning to decades of data collection and
research in the 1900s, it is now typical to discuss specific causal
agents of sub-varieties of lung diseases. Here we will single out
illnesses related to the minerals asbestos and silica and the
elements beryllium, iron, aluminum, lead, and radon.
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Figure 2. Table extracted from the 1918 US Bureau of Labor Statistics report
“Mortality from Respiratory Diseases in Dusty Trades.”

Asbestosis and Mesothelioma
Asbestos is a naturally occurring mineral fiber that occurs in rock
and soil. Because of its fiber strength and heat/chemical resistance,
asbestos has been used in a variety of building construction
materials in past decades for insulation and as a fire retardant
(Figure 3). Although mostly banned in the U.S., asbestos still can
be found in many, many parts of the built environment, including
building materials (roofing shingles, ceiling and floor tiles, paper
products, and asbestos cement products), friction products
(automobile clutch, brake, and transmission parts), heat-resistant
fabrics, packaging, gaskets, and coatings.
Exposure

to

asbestos

increases the risk of developing
lung disease, a risk made much
worse by smoking. In general,
the greater the exposure to
asbestos,
Figure 3. Asbestos. Photo courtesy of
NIOSH.

the

greater

the

chance of developing harmful
health effects. Three of the
major health effects associated

with asbestos exposure are:
10 | Occupational Diseases

1. Asbestosis, a serious progressive, long-term, non-cancer
disease of the lungs
2. Mesothelioma, a rare form of cancer that is found in the thin
lining of the lung, chest and the abdomen and heart
3. Lung cancer

All three of these effects are very serious to a victim’s
health, but it is mesothelioma that is most often
mentioned in terms of the hallmark or signal exposure
to asbestos. Mesothelioma is cancer of the tissue that
lines the lungs—the mesothelium. It usually starts in the
lungs but can also start in the abdomen or other organs.
Malignant mesothelioma is rare but serious, and most
people who get it have worked on jobs where they
inhaled asbestos particles. After being exposed to
asbestos, it can take up to 20 years for the disease to
form.
Symptoms of mesothelioma include trouble breathing,
pain under the rib cage, and weight loss for no obvious
reason. Sometimes it is hard to tell the difference
between malignant mesothelioma and more common
forms of lung cancer. Because malignant mesothelioma
is often found when it is advanced it is harder to treat.
Information adapted from U.S. National Library of
Medicine.

Silicosis, Pneumoconiosis, and Coal Worker’s Pneumoconiosis
Second only to oxygen, silicon makes up almost a third of the
Earth’s crust. In its mineral forms, crystalline silica is a basic
component of soil, sand, granite, and most other types of rock.
Exposures can also occur from crushing and drilling rock and
Occupational Diseases | 11

concrete, masonry and concrete work (e.g., building construction
or demolition work), mining and tunneling operations, as well as
road construction or repair (Figure 4). A common exposure to it
nowadays results when it is used as an abrasive blasting agent for
the purpose of lead-based paint removal from freeway overpass
bridges.
Silica has been classified as a human lung carcinogen but is also
responsible for bronchitis, Chronic Obstructive Pulmonary Disorder
(COPD), and silicosis. Silicosis is a progressive, disabling, and often
fatal lung disease and is perhaps the most notable of all the
pneumoconioses, defined as those diseases of the lung due to
inhalation

of

dusts.

Pneumoconioses

are

characterized

by

inflammation, coughing, and fibrosis (a scarring of lung tissue
secondary to the dust exposure).

“Other forms of pneumoconioses can be caused by
inhaling dusts containing aluminum, antimony, barium,
graphite, iron, kaolin, mica, talc, among other dusts.
Overall, most physicians do not encounter these
diseases very frequently any longer in the U.S.
Byssinosis, for example, which is caused by exposure to
cotton dust, had only a single fatality in the year 2010.”
Information from CDC.
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Figure 4. Typical silica exposure concern resulting from silica-containing
cement boring. Vibration and noise exposures might also be significant in this
particular instance. Photo courtesy of CDC.

A third type of infamous pneumoconiosis is coal workers’
pneumoconiosis (commonly referred to as CWP or black lung). As
the name implies, it is caused by inhalation of coal mine dust (Figure
5). Typically, CWP and other pneumoconioses take many years to
develop and be manifested, although in some cases—silicosis,
particularly—rapidly progressive forms can occur after only short
periods of intense exposure. When severe, the disease often leads
to lung impairment, disability, and premature death.
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Figure 5. Photos from the National Institute for Occupational Safety and
Health showing the progression from a healthy lung (L) to advanced black
lung disease (R).

Berylliosis, Siderosis, Shaver’s disease, and Plumbism
As was noted in the Toxicology chapter, the paradigm of that
science rests on the notion that the dose makes the poison:
Everything is toxic in some measure. The diseases of berylliosis,
Siderosis, Shaver’s disease, and Plumbism are all occupational
examples of that paradigm in that they are not considered overtly
toxic, yet have work-related toxicity given ongoing professional
exposures. Many more of these “elemental” diseases could be
mentioned, but these are singled out here for their associations with
the dusty trades.

“Acute beryllium disease (ABD) is a rapid onset form of
chemical pneumonia that results from breathing high
airborne concentrations of the elemental metal
beryllium. ABD is generally associated with exposure to
beryllium at high levels and may be fatal in 10 percent of
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cases. ABD is extremely rare in the workplace today due
to more stringent exposure controls implemented
following occupational and environmental standards set
in the 1970s. Absent ABD, the most common health
effects associated with overexposure to beryllium in the
workplace include beryllium sensitization, chronic
beryllium disease (CBD), and lung cancer.Beryllium (Be)
sensitization is the activation of the body’s immune
response resulting from inhalation or skin exposure to
beryllium dust, fume, mist, or solutions.
Chronic Beryllium Disease is a chronic granulomatous
lung disease caused by inhaling airborne beryllium after
becoming sensitized to beryllium. It can progress to a
chronic obstructive lung disorder, resulting in loss of
quality of life and the potential for decreased life
expectancy. Based on numerous studies in occupational
settings, OSHA has determined that occupational
exposure to beryllium causes lung cancer in humans. In
addition, the International Agency for Research on
Cancer (IARC) classifies beryllium as a Group 1
carcinogen (carcinogenic to humans), and the National
Toxicology Program (NTP) lists beryllium as a known
human carcinogen.”
Information from OSHA.

Siderosis is caused by the deposition of excess iron (Fe) in lung
tissue and typically refers to an environmental disease of the lung.
It may be called pulmonary siderosis or Welder’s disease, which is a
form of pneumoconiosis. Siderosis is normally quite rare and is due
to “excessive exposure to welding fume, itself resulting in a
condition termed metal fume fever. It has been estimated that 30
Occupational Diseases | 15

to 40 percent of all welders have experienced metal fume fever at
some time (Abraham, 1983). This disorder, which results from
exposure to freshly formed metal fume, results in the appearance
of delayed, flu-like symptoms, including dyspnea, coughing, pains
in muscles and joints, fever, and chills. In addition to fume fever,
exposure to welding fume may damage the small airways, causing
interstitial pneumonia (OSHA).”
Shaver’s Disease results from aluminum exposure (Al) and was
named after it was investigated and reported on extensively in 1947
by Shaver and Riddell. They noted pulmonary fibrosis in 46 of 344
workers engaged in the manufacturing of alumina abrasives wherein
the disease progressed rapidly and was fatal in about 1 in 5 workers.
Shaver’s disease is an interstitial nonnodular lung fibrosis,
characterized by emphysema and frequent ruptures of lung tissue
leading to pneumothorax.
Plumbism results from toxic levels of inorganic lead (Pb) exposure,
causing health effects in many organ systems that range from
changes in enzyme function to life-threatening intoxication. Lead
exposure at even low doses can lead to cardiovascular and kidney
effects, cognitive dysfunction, and adverse reproductive outcomes.
Workplace lead exposure is an ongoing health problem in the U.S.
where adult blood lead levels higher than background are almost
all

work-related. Lead exposure

occurs

mainly

in

battery

manufacturing, lead and zinc ore mining, and painting and paper
hanging industries.

Farming and agriculture
Anthrax
Anthrax is caused by the spore forming bacteria Bacillus
anthracis. Many animals may carry the anthrax bacteria or spores
including cattle, horses, goats, and sheep. Spore remain viable in
16 | Occupational Diseases

animal products for long periods. Types of anthrax are cutaneous
anthrax, a skin disease, and pulmonary anthrax, affecting the lungs.
The main occupations at risk include agricultural workers, abattoirs,
animal byproduct processing, vets, and the wool and tanning
industries.
Leptospirosis
The main form of leptospirosis is Weil’s disease, which is a
potentially life-threatening illness caused by the Leptospira bacteria
passed from rats via urine. Symptoms are flu-like, such as fever,
headache, vomiting, muscle pains, pneumonia, and possible kidney
failure and death. The disease may be transmitted through contact
with rat’s urine or watercourses contaminated with it.
Leptospirosis occurs worldwide but is most common in
temperate or tropical climates and presents an occupational hazard
not only for rat farmers but for many people who work outdoors
or with animals, including slaughterhouse workers, dairy farmers,
veterinarians and animal caretakers, miners, sewer workers, and
fisheries workers or handlers. The disease has also been associated
with swimming, wading, kayaking, and rafting in contaminated lakes
and rivers. As such, it is a recreational hazard for campers or those
who participate in outdoor sports, as well as anyone exposed after
flooding or hurricane related water overflow events.
Q fever
Q fever is an infection caused by Coxiella burnetii, a type of
bacterium found worldwide except in New Zealand. The infection is
almost always related to direct or indirect contact with animals such
as cattle, sheep or goats, although a wide range of animals, including
cats, dogs and kangaroos, may carry the infection.
Salmonellosis
Such is the name given to an infection caused by any of the
Salmonella group of bacteria, which may be carried by most types
of farm animal and especially poultry and small reptiles like pet
turtles. CDC estimates Salmonella bacteria cause about 1.35 million
infections, 26,500 hospitalizations, and 420 deaths in the United
States every year, and food is the source for most of these illnesses.
Occupational Diseases | 17

Salmonellosis symptoms develop suddenly about 12 to 24 hours
after infection and include malaise, headache, nausea, abdominal
pain, diarrhea, and fever. Most people who get ill from Salmonella
see symptoms usually begin six hours to six days after infection
and last four to seven days and recover without specific treatment
although some may require hospitalization.
Silo Filler’s Disease

Silo Filler’s Disease represents an occupational
hazard associated with crops placed in farm silos (Figure
6). Studies have shown that toxic levels of NO, NO2, and
N2O4 are regularly generated in silos where exposure
can occur without warning. When these potent nitrogen
oxides are inhaled deep into the lungs, contact with the
mucosal moisture produces nitric acid, which burns the
airways, respiratory bronchioles, and alveoli. In fatal
exposures, vascular collapse and the outpouring of
serum rapidly produce shock and death as seen in the
Case Report (below).
Case Report: Silo Filler’s Disease Fatality
On September 18, 1981, a 39-year-old farmhand was
overcome while climbing up the chute of a recently
filled concrete stave silo. In the preceding 10 days, the
farm owner had filled this silo with Sudex grass and
chopped corn silage. On September 18, he asked a
farmhand to climb up the unloading chute inside the silo
and toss out fresh silage. When the farmhand climbed
the chute, he became short of breath and confused and
had to descend. He made a second attempt but again
had to climb down and was noted to be cyanotic, pale,
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and diaphoretic, and was hospitalized. Five hours after
admission, he experienced cardiopulmonary arrest and
died despite vigorous efforts to resuscitate him. Postmortem examination showed grossly edematous lungs
and microscopic exam revealed alveoli flooded with
proteinaceous material.
Fatal and serious exposures to nitrogen oxides are not
unique to farming. They have been reported in
association with arc and acetylene welding, burning
cellulose nitrate, and dynamite blasting. Diesel fumes,
furnace gases, and chemical processes involving the
generation of NO2 are also potentially dangerous.

Information and case report from CDC.

Figure 6. Silo Filler’s Disease is often an acute outcome caused by the
formation of corrosive nitric acid in the lungs, following exposure to nitrogen
oxides in silos. Photo by Stephen Pedersen.
Occupational Diseases | 19

Zoonoses
Zoonoses are infections that are naturally transmitted from animal
to humans (Figure 7). Every year, tens of thousands of Americans get
sick from diseases spread this way. Obviously “zoonotic diseases are
very common, both in the United States and around the world.” In
fact, “scientists estimate that more than six out of every 10 known
infectious diseases in people are spread from animals, and 75
percent of all new or emerging infectious diseases in people are
spread from animals (CDC).” Zoonotic diseases are very common,
both in the United States and around the world. Scientists estimate
that more than 6 out of every 10 known infectious diseases in people
can be spread from animals, and 3 out of every 4 new or emerging
infectious diseases in people come from animals.

Figure 7. Animals infecting humans: Zoonoses. via CDC.
20 | Occupational Diseases

This was certainly the case with the deadly Coronavirus (scientific
name “2019-nCoV” or simply Covid-19) outbreak that hit the world
in 2020. It is believed to have originated in bats found in a seafood
wholesale market in Huanan, Wuhan, China, selling live animals,
where it then spread via droplet contact to humans. Like the SARS
and MERS epidemics that preceded it, the CoVid-19 outbreak
proved deadly, killing hundreds of persons.
At present there are over 150
known, historically significant
zoonoses, which range from
anthrax to rabies. Zoonoses
often

affect

herd

farmers

(Figure 8) but include many
more occupations of those who
Figure 8. Controlling the prevalence of
some zoonotic diseases is helped by
practices that maintain high herd
immunity, such that even if an
individual is exposed there are not
enough susceptible population
members to allow the disease to
continue. Photo by Annie Spratt.

work closely with animals like
laboratory
fishermen,

workers,
birders,

vets,
hunters,

and forestry workers. Infection
can occur through contact with
animals and animal products,
tissue and body fluids, birth

products, waste products, and contaminated materials. Infection
may occur via inhalation, ingestion or through broken skin or
contact with mucus membranes.

Environmental diseases
Allergic hypersensitivity
Allergic hypersensitivity refers to the body’s immune responses
against a substance—an allergen—that are extreme or problematic
in themselves. Such extreme sensitivity is grouped medically into
one of four categories: type I, type II, and type III hypersensitivity
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reactions (considered immediate since they occur within 24 hours
of exposure), and type IV, delayed.
Many allergic responses have been elicited following exposures to
environmental materials like pollens, animal dander, milk proteins,
insect bites, molds, drugs, or dust mites. Hypersensitivity outcomes
can be seen as asthma, runny noses, contact dermatitis, and
anaphylactic shock. While these responses can perhaps be seen
as minor, they can also be life threatening, as in the case of
anaphylaxis. Anaphylaxis is a medical emergency that can cause
acute, life-threatening respiratory failure.
While bee stings among outdoor workers and food allergies in
the food preparation examples can be cited, latex gloves are one
of the most common or well-known types of occupational allergic
hypersensitivity. For some workers, exposures to latex may result in
allergic reactions to natural rubber latex proteins, contained in the
product manufactured from a milky fluid derived from the rubber
tree, Hevea brasiliensis. The amount of latex exposure needed to
produce sensitization or an allergic reaction is unknown, but
increasing the exposure to latex proteins increases the risk of
developing allergic symptoms. In sensitized persons, symptoms
usually begin within minutes of exposure.

“Mild reactions to latex involve skin redness, rash,
hives, or itching. More severe reactions may involve
respiratory symptoms such as runny nose, sneezing,
itchy eyes, scratchy throat, and asthma. Rarely,
anaphylactic shock may occur. Health care workers are
at risk of developing latex allergy because they use latex
gloves frequently and workers with less glove use (such
as housekeepers, hairdressers, and workers in industries
that manufacture latex products) are also at risk (CDC).”
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BRI, Legionnaires’ Disease, and Pontiac Fever
Building-related illnesses (BRI) are less common than sick
building syndrome (SBS; discussed below) but often more serious
despite their only involving a small number of building occupants.
BRI is characterized by a distinguishable set of symptoms, often
accompanied by physical signs and clinical abnormalities, related
to a specific, named environmental agent. BRI can be confirmed
by a physician’s diagnosis and may include infections such as
legionellosis, toxic syndromes associated with exposure to chemical
or physical agents, and hypersensitivity diseases, including
hypersensitivity pneumonitis, “humidifier fever” (discussed below),
asthma, and allergic rhinitis.
The most infamous BRI case
occurred

in

Philadelphia,

1976

in

Pennsylvania,

when an outbreak of a fatal,
then-unknown

respiratory

infection occurred among 221
delegates and guests attending
an American Legion convention
(Figure 9). Ultimately the novel
bacterium

Legionella

pneumophila was identified as
the causal agent, but not before
34

fatalities

Legionnaires’

occurred.
Disease

was

named for this incident and
continues to cause morbidity
and mortality to the present
day, causing fatalities in about
10 to 15 percent of cases.
Legionnaires’

Disease

is

diagnosed as a pneumonia with
flu-like symptoms and places

Figure 9. Philadelphia
Bellevue-Stratford Hotel, site of the
1976 American Legion conference, and
later determined to be the epicenter of
Legionnaires’ Disease.

at-risk persons, such as the
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very young, very old, and immunocompromised, at elevated risk.
In the built environment, Legionella can amplify in water systems,
depending on the conditions. Factors associated with amplification
include warm water temperatures, water stagnation, presence of
scale, sediment and biofilm in the pipes and fixtures, and absence
of disinfectant. To cause disease, Legionella spp. must then be
aerosolized and inhaled by a susceptible host. The most common
sources of transmission include potable water (via showerheads and
faucets), cooling towers, hot tubs, and decorative fountains.
Pontiac Fever is related to Legionnaires’ Disease but is milder,
presenting as an influenza-like illness, with fever, headache, and
muscle aches, but no signs of pneumonia. Pontiac fever can affect
healthy people, as well as those with underlying illnesses, and
symptoms occur within 72 hours of exposure. Nearly all patients
fully recover without antibiotic therapy. People with Pontiac Fever
may not ever know they have contracted the condition, but up to 95
percent of people exposed during outbreaks can develop symptoms
of this disease.
Humidifier fever
Humidifier fever is associated with exposure to many different
types of micro-organisms, including various bacteria and fungi
found in humidifier reservoirs and air-conditioning units. Microorganisms have been found in both large ventilation systems as well
as in small units, and significant concentrations of these organisms
can be dispersed into the environment in the aerosol mist generated
by the humidifiers during normal operation. The condition is
considered neither a BRI (no causative agent has been proved) nor
SBS, since it seems directly associated with humidifier use in winter
months. Symptoms are flu-like with fever, chills, headache, muscle
ache and fatigue. Controls are aimed at ensuring that indoor
bacteria and fungi cannot amplify in heating or cooling air handling
systems.
Occupational asthma
With more than 250 known causes, occupational asthma could
justifiably be placed into any of the categories used in this chapter.
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Workers

in

a

wide

range

of

worksites—from

bakeries

to

hospitals—are at risk. Occupational asthma results from exposure to
allergens or irritants on the job that lead to new cases of asthma
(new-onset asthma) or worsen existing asthma (work-aggravated
asthma). Sometimes referred to as work-related asthma, this is the
most common occupational lung disease in the United States.
Allergenic

substances

include

many

chemicals

used

in

manufacturing, paints, cleaning products, dusts from wood, grain
and flour, latex gloves, certain molds, animals, and insects. In some
cases, cigarette smoking may increase the risk of developing
occupational asthma.
Occupational asthma is rarely fatal but is not without costs. It can
cause wheezing, chest tightness, shortness of breath, and coughing.
Symptoms may emerge hours, months, or even years after exposure
to harmful substances. Secondary effects include its reduction of
productivity and quality of life and increases of expenses to
employees, families, businesses, and taxpayers. Some employees
become too disabled to work ending up on permanent or long-term
disability, while others must change jobs to avoid the substance that
caused their asthma.
Sick Building Syndrome (SBS)
Sometimes occupational hygienists are called to investigate
indoor environments where symptoms are reported but no specific
indoor air quality problem can be identified. Complaints among
building occupants can be respiratory irritation, headache, fatigue,
and irritation of mucous membranes of the eye, nose, and throat.
Eye symptoms can include itching, redness, and irritation, and
respiratory symptoms might involve nasal congestion, itching,
coughing, and runny nose. Sore, dry, irritated throats may also be
reported.
In commercial buildings in the U.S., acceptable indoor air quality
is typically defined as air with no known contaminants at harmful
concentrations which a substantial majority (80 percent or more)
of people exposed to do not express dissatisfaction. Conversely,
“Sick Building Syndrome” is when a sizable percentage (e.g., >20
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percent-of building occupants) experience some of the symptoms
listed above and yet a specific causes for the symptoms are
unknown. The lack of any single cause is what differentiates SBS
from BRI.
A single cause for SBS is unlikely although NIOSH data have
implicated the building air handling systems in over half of all SBS
complaints investigated. Inadequate indoor air quality may also be
caused by contaminants such as vapors and dust generated in the
occupants’ work environment (hair salon chemicals, architects’
printers, designers’ paints), or materials infiltrating from outside
sources such as pollen or engine exhaust. Insufficient fresh air
(outdoor air) is linked to some buildings with SBS, as are social and
psychological factors.

Healthcare diseases
As a workplace, healthcare settings have many of the usual risks
and stressors of other environments, such as ergonomics (patient
lifting), chemical exposures (sterilant gases and anti-septics),
radiation used for both diagnostic as well as treatment purposes,
and even warehousing concerns (food, patient, and waste
transport). But it is most often the biological hazards for which
healthcare their workers are singled out, owing to exposures to
pathogenic and communicable bacteria, viruses, and fungi. This is
true whether such materials are disseminated via contact, the air, or
through blood-borne transmission.
Hepatitis A
Hepatitis A is a vaccine-preventable, communicable disease of
the liver caused by the hepatitis A virus (HAV). It is usually
transmitted person-to-person through the fecal-oral route or
consumption of contaminated food or water. Hepatitis A is a selflimited disease that does not result in chronic infection. Most adults
with hepatitis A have symptoms, including fatigue, low appetite,
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stomach pain, nausea, and jaundice, that usually resolve within two
months of infection. Antibodies produced in response to hepatitis A
infection last for life and protect against reinfection. The best way
to prevent hepatitis A infection is to get vaccinated.
Though not exclusive to healthcare workers, it nevertheless
places them and other social services employees (daycare
attendants, food workers) at elevated risk. Particularly in patient
populations where fecal incontinence is an issue, HAV exposure
may be heightened. Because most children less than six years of
age do not have symptoms or have an unrecognized infection, and
because their hygiene skills are still only developmental, notable
HAV outbreaks have involved pre-school daycare centers.
Hepatitis B
Some well known and serious bloodborne agents are the viruses
Hepatitis B and HIV. Hepatitis B targets the liver, causing
inflammation leading to localized tissue destruction and failure of
functions of the liver. Patients may have no symptoms, while others
suffer flu-like conditions and jaundice. It is transmitted by contact
with infected blood or body fluids. Immunization is available and is
frequently required by OSHA for direct-contact healthcare workers
with exposure to blood or blood products (Figure 10).
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Figure 10. Healthcare workers in contact with blood and blood products are
especially at risk from serious bloodborne-spread diseases including AIDS, via
the HIV virus, and Hepatitis B. Photo courtesy of the National Cancer
Institute.

HIV
The Human Immunodeficiency Virus (HIV) is the causal agent
of what has been the most notable human epidemic in the last 50
years. At first considered just a risk among homosexual men and
IV drug users, healthcare employees and first responders quickly
became the major occupational group at risk of this still-deadly
viral infection. Left untreated, HIV infection results in an average
life expectancy of only three years. HIV can destroy the immune
system of otherwise healthy persons and there is no vaccine or
cure. Antiretroviral treatments are increasingly effective yet remain
costly without guaranteed results. Still, with treatment HIV can
be well-controlled and life expectancy can be nearly the same as
someone who has not contracted HIV.
It’s estimated that 1.1 million Americans are currently living with
HIV but as many as one in five don’t know they have the virus. Thus,
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at first presentation to a healthcare worker, a potentially infected
person could unwittingly transmit HIV, which is why workplace
protections are of tantamount importance insofar as limiting
exposure to this agent, and the Acquired Immunodeficiency Disease
Syndrome (AIDS) it causes.
While illegal IV drug users
and prostitutes are at the
greatest risk of HIV and AIDS,
those

at

most

risk

occupationally include medics,
paramedics,
personnel,
custodians,

police,
doctors,
and

fire
nurses,

biological

waste handlers or processors
(Figure

11).

The

risk

of

occupational acquisition of a
bloodborne virus relates to the
prevalence of the virus in the

Figure 11. Used street drug
paraphernalia like HIV or HBV
contaminated syringes place first
responders at elevated risk of such
diseases owing to accidental contacts
with these “sharps.”
Photo by Michael Longmire.

patient population and the efficiency of virus transmission after a
single contact with infected fluid or tissue. Risk of transmission also
relates to the nature and frequency of occupational blood contact
and the concentration of the virus in the blood. Since these are
largely

unknowable

variables

in

most

healthcare

worker’s

environments, universal precautions have been mandated by OSHA
and others to control HIV transmission.
For the reasons just cited, protection comes from avoidance of
blood contact. Universal precautions require that unless a person’s
disease status is known, interactions with that person are
conducted “as if” they are infected. Such protections include
wearing protective gloves and face masks, covering cuts and
wounds with a waterproof dressing, using care with sharps, and
ensuring all equipment is appropriately sterilized. Other methods
are safe disposal of infected material, control of surface
contamination, and good hygiene.
Tuberculosis
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Today, we know tuberculosis (TB) as an airborne infectious
disease spread when an infected patient coughs or even speaks.
The disease has a long and interesting history in the U.S. (see box)
and elsewhere but is not nearly the concern it formerly presented.
In 2016, the most recent data available, there were 9,272 reported
cases of TB disease in the United States.
Healthcare workers most at risk are acute care, emergency room,
and walk-in clinic personnel exposed to a sick person potentially
presenting with an unrecognized infection. OSHA at one time
thought to regulate TB exposures within healthcare but withdrew
its

1997

proposed

standard

(“Occupational

Exposure

to

Tuberculosis”), stating that it was unlikely to result in a meaningful
reduction of disease transmission. That was because it could not
effectively safeguard against contact with the most significant
remaining source of occupational risk: exposure to individuals with
undiagnosed and unsuspected TB.

TB: A Colorful History Absent Science
In the U.S. in the early 1800s, there were “vampire
panics” throughout New England. When a TB outbreak
occurred in a town, it was suspected that the first family
member to die of TB came back as a vampire to infect
the rest of the family. To stop the vampires,
townspeople would dig up the suspected vampire grave
and perform a ritual. It was not until decades later that
Dr. Robert Koch announced the discovery
of Mycobacterium tuberculosis, the bacteria that causes
tuberculosis. Prior to his discovery, TB killed one out of
every seven people living in the U.S. and Europe. The
discovery of the bacteria proved that TB was an
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infectious disease and in 1905, Koch was awarded the
Nobel Prize for Medicine and Physiology.

Questions and problems
1. Describe the characteristics of the most common occupational
disease in the U.S.
2. What corrosive chemical is formed in the lungs of an individual
suffering from Silo Filler’s disease?
3. Is Hepatitis A spread by blood contact or by the fecal oral route
of transmission? Mention three settings where HAV might be
encountered.
4. Explain how the bacterium Legionella pneumophila got its
name.
5. What is the key difference between SBS and BRI?
6. List three direct and three indirect outcomes from
occupational asthma.
7. What did NIOSH determine as a factor related to over 50
percent of all cases of SB?
8. List five job categories of healthcare workers at heightened
risk of HAV or HBV exposure.
9. What are universal precautions?
10. List the six categories of occupational diseases and provide an
example of a specific disease within each category as well as
the at-risk job title or category for those potentially
concerned.
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Some information adapted from OH Learning course: Basic
Principles in Occupational Hygiene.
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2. Dermatoses
Learning objectives and terms

Describe the anatomy of the skin and the basic facts
about it.
Understand the unique role the integumentary system
plays in occupational exposures.
Know the five categories of skin damage and exemplars
of agents causing each.
Be able to explain the ways occupational agents interact
with the skin.

Terms
•

Allergen

•

Burn assessment

•

Chloracne

•

Contact dermatitis

•

Dermis

•

Eczema

•

Epidermis

•

Gangrene
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•

Keratoses

•

Occupational Skin Disease (OSD)

•

Raynaud’s disease

•

Rhus genus

•

Subcutaneous

•

Trench foot

Introduction
The skin is the largest organ of the human body, weighing about 20
kg (about 45 pounds) on average with an area of close to two square
meters (about 22 square feet). It acts as part of the integumentary
system to contain the corpus and as the primary defense against
most occupational agents. Increasingly, the skin has even become a
palette for artistic expression and individuality (Figure 1), whereas
it was formerly only thought of as a passive projector of skin
problems, such as acne, affecting personal appearance.
The skin serves many routine functions, including:
1. Holds body fluids in, preventing dehydration
2. Keeps harmful microbes out, preventing infections
3. Helps in the perception of things like heat, cold, and pain
4. Keeps the body temperature even
5. Makes vitamin D when the sun shines on it
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Figure 1. In the 2000s, the skin has increasingly become a socially acceptable
palette for artistic expression and individuality. Photo by Annie Spratt.

In the work environment, the skin is frequently overlooked as a
target of exposure since airborne gases, particulates, vapors, mists,
and fume can all settle onto it in an almost imperceptible fashion.
In short, the skin is taken for granted by most employees (and
sometimes hygienists as well). Anything that irritates, clogs, or
inflames the skin can cause symptoms such as redness, swelling,
burning, and itching. Allergies, irritants, one’s genetic makeup, and
certain diseases and immune system problems can cause rashes,
hives, and other skin conditions.

Dermatoses occurrences and types
It is estimated that more than 13 million workers in the United
States are potentially exposed to chemicals that
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can be absorbed through the
skin

(Figure

2).

Dermal

exposure to hazardous agents
can result in a variety of
occupational

diseases

disorders,

and

including

occupational

skin

diseases

(OSD) and systemic toxicity.
Historically, efforts to control
workplace

exposures

to

hazardous agents have focused

Figure 2. Occupational illnesses from
1999, indicating OSD prevalence of
approximately 13 million U.S. workers.

on inhalation rather than skin exposures. As a result, assessment
strategies and methods are well developed for evaluating inhalation
exposures in the workplace; standardized methods are currently
lacking for measuring and assessing skin exposures.
Workers at risk of potentially harmful exposures of the skin
include those working in food service, manufacturing, cosmetology,
health care, agriculture, cleaning, painting, mechanics, printing, and
construction. Next to ergonomic-related illness, OSD are the
second most common type of occupational disease and can occur in
several different forms including:
• Irritant contact dermatitis
• Allergic contact dermatitis
• Skin cancers
• Skin infections
• Skin injuries
• Other miscellaneous skin diseases
Of

these

six

forms,

the

first

two

listed—the

contact

dermatitides—are the most common types of occupational illness,
with estimated annual costs exceeding $1 billion. Also called eczema,
contact dermatitis is defined as an inflammation of the skin
resulting from exposure to a hazardous agent. It is the most
common form of reported OSD and represents an overwhelming
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burden for workers in developed nations. Epidemiological data
indicate that contact dermatitis constitutes approximately 90-95
percent of all cases of OSD in the U.S. Common symptoms of
dermatitis include:
• Itching
• Pain
• Redness
• Swelling
• The formation of small blisters or wheals (itchy, red circles
with a white center) on the skin
• Dry, flaking, scaly skin that may develop cracks
Occupational contact dermatitides are frequently divided into two
categories, the irritant type or the allergic variety.
Irritant contact dermatitis (ICD) is a non-immunologic reaction
that manifests as an inflammation of the skin caused by direct
damage to the skin following exposure to a hazardous agent. The
reaction is typically localized to the site of contact. Available data
indicates that ICD represents approximately 80 percent of all cases
of occupational contact dermatitis. ICD may be caused by
phototoxic responses (e.g., tar), acute exposures to highly irritating
substances (e.g., acids, bases, oxidizing/reducing agents), or
chronic cumulative exposures to mild irritants (e.g., water,
detergents, weak cleaning agents).
Allergic contact dermatitis (ACD) is an inflammation of the skin
caused by an immunologic reaction triggered by dermal contact to
a skin allergen. For ACD to occur, a worker must be first sensitized
to the allergen. Subsequent exposures of the skin to the allergenic
agent may elicit an immunologic reaction resulting in inflammation
of the skin. The reaction is not confined to the site of contact and
may result in systemic responses. ACD may be caused by industrial
compounds (i.e. metals, epoxy and acrylic resins, rubber additives,
chemical

intermediates),

agrochemicals

(i.e.

pesticides

and

fertilizers), and commercial chemicals.
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Because the symptoms and presentation of ICD and ACD are so
similar, it is extremely difficult to distinguish between the two forms
of contact dermatitis without clinical testing (e.g. patch testing).
The severity of contact dermatitis is highly variable and depends on
many factors including:
• Characteristics of the hazardous agent (irritant and/or
allergen)
• Concentration of the hazardous agent (irritant and/or
allergen)
• Duration and frequency of exposure to the hazardous agent
(irritant and/or allergen)
• Environmental factors (e.g., temperature, humidity)
• Condition of the skin (e.g., healthy vs. damaged skin, dry vs.
wet)

Anatomy of the skin
As the skin meets the occupational environment, special anatomic
and biochemical characteristics determine its vulnerabilities and
consequent pathologic patterns of response. This cross-section
illustrates the complex anatomy of the skin. The three main areas
are the epidermis, the dermis and the subcutaneous tissue (Figure
3).
The epidermis itself also consists of three important layers: the
outer keratin or stratum corneum composed of fibrous nonviable
cells; a layer of living epidermal cells or stratum spinosum; and the
basal or germinative layer. The reproductive or basal layer gives rise
to living epidermal cells by division of the cells within the basal
layer. Within the basal layer are the dendritic cells (melanocytes)
which manufacture the protective pigment, melanin. The epidermal
cells possess a high metabolic rate and gradually move upward to
transform into anuclear keratinized cells which are flat, compact,
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and dehydrated. This tough stratum corneum imparts the major
barrier function to skin. If it is removed, damaged, or becomes
overhydrated, permeability is increased.

Figure 3. The three skin layers: epidermis, dermis, and subcutaneous.

There are no blood vessels in the epidermis; nutrition diffuses
outward from the rich blood supply of the dermis. The epidermis
contains the orifices of three main types of skin appendages: the
pilosebaceous units, the eccrine sweat glands, and the apocrine
sweat glands. The secretory portion and most of the ducts of these
appendages are in the dermis.
In contrast to the epidermis, the second major skin layer—the
dermis—is much thicker, much less cellular and consequently has
a lower metabolic rate. It is richly supplied with specialized nerve
endings, blood and lymphatic vessels, and adnexal structures. The
fibroblasts of the dermis produce ground substance, collagen, and
elastic fibers. The histiocytes or macrophages of the dermis are the
scavengers of the skin.
The subcutaneous tissue lies beneath the dermis, constituting the
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third skin layer. It is mainly composed of lobules of fat separated
by collagen bundles and traversed by larger blood and lymphatic
vessels and nerves.

The five categories of skin hazards
Causes

of

mechanical
agents,

OSD

include

trauma,

physical

chemical

agents,

radiation, and biological agents;
although,

some

authors

consider radiation to be a
subcategory of the physical
damage agents.
Figure 4. The five categories of OSD
causal agents.

Although

there

can

be

overlap between the categories
of OSD causes, the usual causes

of mechanical damage are illustrated in Figure 5. Mechanical
trauma is an open-ended category which includes friction,
pressure, abrasions, lacerations, and contusions (scrapes, cuts and
bruises).
Mechanical damage
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Figure 5.
Mechanical
skin damage
causes.

Physical agents
Figure 6.
Burns as a
form of
physical skin
trauma.

Physical agents are distinguished from mechanical damage in that
they may or may not leave the skin layers
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intact. Physical agents might
be thought of as including any
OSD

other

than

gross

mechanical damage, and they
include electricity and extreme
temperatures and burns (Figure
6).

Frostbite,

Raynaud’s

syndrome, and Trench Foot can
be considered OSD primarily
for their secondary effects,

Figure 7. Gangrene evident on first and
second toes.

such as skin necrosis (i.e.,
gangrene, Figure 7).
Chemical damage
Excluding minor traumatic skin cuts and bruises too numerous
to mention, and therefore rarely reported, chemical agents are the
main cause of OSD and disorders. These agents can be divided into
two types: primary irritants and sensitizers. Primary irritants act
directly on the skin though chemical reactions. Sensitizers may not
cause immediate skin reactions, but repeated exposure can result
in allergic reactions. A worker’s skin may be exposed to hazardous
chemicals through direct contact with contaminated surfaces
(especially used personal protective equipment like gloves),
deposition of aerosols, immersion, or splashes. Regardless of the
nature of classification of a chemical agent, its dermal absorption
properties are key to understanding its outward effects.

Dermal absoprtion
Dermal absorption is the transport of a chemical from the outer
surface of the skin both into the skin and into the body. Studies
show that absorption of chemicals through the skin can occur
without being noticed by the worker and, in some cases, may
represent the most significant exposure pathway. Many commonly
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used chemicals in the workplace could potentially result in systemic
toxicity if they penetrate through the skin (i.e. pesticides, organic
solvents). These chemicals enter the blood stream and cause health
problems away from the site of entry.
The rate of dermal absorption depends largely on the outermost
layer of the epidermis called the stratum corneum. This layer serves
an important barrier function by keeping molecules from passing
into and out of the skin, thus protecting the lower layers of skin.
The extent of absorption is dependent on the location of exposure
(thickness

and

water

content

of

stratum

corneum;

skin

temperature), the physical and chemical properties of the
hazardous substance as well as its concentration, the duration of
exposure, and the surface area of skin exposed to the agent.
Skin absorption occurs via
diffusion, the process whereby
molecules spread from areas of
high concentration to areas of
low concentration. There are
three plausible mechanisms by
which chemicals diffuse into
Figure 8. Illustration of lipid pathways
through the stratum corneum of the
epidermis.

the

skin:

intercellular

paths,
permeation,

lipid

transcellular
and

via

the

structures of the skin layers.
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Figure 9. Illustration of transcellular diffusion of chemical
agents through the epidermis.

The stratum corneum consists of cells known as corneocytes. The
spaces between the corneocytes are filled with substances such as
fats, oils, or waxes known as lipids. Some chemicals can penetrate
(green arrows) through these lipid-filled intercellular spaces
through diffusion.
As shown in Figure 10, the
third pathway for diffusion of
chemicals into and through the
skin is skin appendages (i.e.,
hair follicles and glands). This
pathway is usually insignificant
because the surface area of the
appendages

is

very

small

compared to the total skin area.
Figure 10. Essentially open pore access
of a chemical agent through the
appendages inherent to the dermal
skin layer (hair follicles, glands).

However,
permeating

very

slowly

chemicals

initial stage of absorption.
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may

employ this pathway during the

Regardless of the means of
exposure or skin penetration,
the history of chemical damage
specifically to human skin is
both graphic and lasting. For
example, in 1976 in a small
Italian village named Seveso, a
chemical manufacturing facility
Figure 11. Notable chemical exposures
with skin repercussions.

accident created a catastrophic
aerosolization of its product, a
pesticide

named

2,4,5-TCP.

While the pesticide per se had no lasting effects on the population,
a contaminant it contained called Dixon was responsible for almost
450 cases of severe skin acne termed “chloracne.” This was the same
agent contained in the infamous US-Vietnam era defoliation
chemical called “Agent Orange” and again in Ukraine years later
against a political candidate for president named Victor Yushchenko
(Figure 11).
Radiation
The fourth category of skin
damaging agents, radiation, is
both

simultaneously

well

known among most people and
poorly

understood

or

even

maligned. While radiotherapy is
a

frequent

treatment

for

malignant tumors, its lifesaving
Figure 12. Well recognized skin damage
from radiation type agents.

or extending properties can be
left unappreciated by the casual
observer who only notices the

hair loss or skin changes experienced by 95 percent of those
treated. Millions of persons willingly bask in the sun on warm
saltwater beaches ignorant of, or dismissing for the present,
inevitable acute skin damage then (i.e., sunburn) or in years future
(i.e., keratoses or elevated risks of skin cancer).
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Occupationally, chronic radiation exposures occur most often in
the outdoor professions, including farming, forestry, commercial
fishing,

longshoring,

and

landscaping.

Many

healthcare

professionals are also routinely exposed to radiation, including
doctors, nurses, dentists, and technologists. Researchers within the
U.S. National Cancer Institute are studying several population
cohorts occupationally exposed to radiation for skin and related
cancer risks. These cohorts include the clean-up workers exposed
to

radiation

after

the

Chernobyl

accident,

intervention

fluoroscopists and radiologists, and radiologic technologists with
protracted exposure to low-to-moderate radiation doses.
Biological agents
Biological agents include parasites, microorganisms, plants, and
other animal materials. While many of these agents have their most
serious effects when acting internally (through infections, target
organ damage, or secondary outcomes), skin exposure and direct
damage can be common or even the primary exposure outcome.
Biological exposures share many occupations in common with those
of radiation: medicine and healthcare, and the outdoor professions
of

farming,

forestry,

landscaping.
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commercial

fishing,

longshoring,

and

At about 45 pounds, the skin
is the largest organ of the
human body and justifiably so,
since it serves as the primary
defense

against

most

occupational agents. In the
work environment, the skin is
frequently
Figure 13. Common biological agents
well known for skin damaging effects.

overlooked

as

a

target of exposure and is taken
for granted by most employees.
Anything that irritates, clogs, or

inflames the skin can cause symptoms such as redness, swelling,
burning, and itching, collectively known as OSDs. More than 13
million workers in the U.S. are potentially exposed to chemicals
absorbed through the skin, resulting in OSD and/or systemic
toxicity. The contact dermatitides combined are the most common
types of occupational illness, with estimated annual costs exceeding
$1 billion. Also called eczema, contact dermatitis is the most
common form of reported OSD, and represents an overwhelming
burden for workers in developed nations. Epidemiological data
indicate that contact dermatitis constitutes approximately 90-95
percent of all cases of OSD in the U.S., making it a highly significant
problem for occupational hygienists responsible for protecting
workers in such exposure settings.

Questions and problems
1. The U.S. Bureau of Labor Statistics reported (1999) that of 372,000
occupational illness, dermatoses accounted for:
a. 45,000 cases, or about 12 percent
b. 100,000 cases, or about 27 percent
c. 185,000 cases, or about 50 percent
d. 200,000 cases, or about 54 percent
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2. The most severe form of burn illustrated in this chapter is:
a. third degree
b. second degree
c. first degree
d. fourth degree
3. Major categories of agents that damage the skin are:
a. mechanical, physical, and chemical
b. radiation
c. biological
d. all of the above
4. Major occupational allergens include:
a. epoxy resins, chromates, nickel
b. latex rubber
c. strong acids and bases
d. both A and B
5. Contact dermatitis is statistically the most likely cause of any
reported occupational skin disease or illness.
a. True
b. False
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3. Sampling Particulates
Learning objectives and terms

Know the types of particulate airborne contaminants.
Describe the difference between a respirable and total
dust sample.
Name five diseases historically associated with
particulate exposures.
Explain sampler cutpoint in relation to sampler flowrate.

Terms
•

Aerodynamic diameter

•

Aerosol

•

Bioaerosol

•

Cassette

•

Cut point, d50

•

Dust

•

Filter

•

Fume

•

Mist

•

Particulates
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•

Physical diameter

•

Pneumoconiosis

•

Respirable

•

Smoke

•

TWA

Introduction
Air contaminants are all around us and are a normal everyday
exposure for all living creatures. Aerosols are created when such
small contaminants are suspended in the air of the workplace. Most
materials we breathe in are innocuous and cause no sickness or
health degradation over our entire lifespan, either because they
are at such low concentrations of exposure or because they are
inherently non-toxic to us and easily removed or guarded against
by our bodies natural defenses. However, some agents, such as
silica and coal dust, are historically well known to cause adverse,
even fatal, lung diseases such as silicosis and coal workers’
pneumoconiosis,

respectively.

Other

notable

diseases

from

particulates include allergic hypersensitivity to things like plant
allergens (“farmer’s lung” and “silo filler’s disease”), asthma,
mesothelioma (asbestos), general lung cancer, lead fume fever,
berylliosis, and chronic obstructive pulmonary disease (COPD).
Occupationally, airborne agents are commonly classified as either
particulates or gas/vapor contaminants. The most common
particulate contaminants include dusts, fumes, mists, aerosols, and
fibers and are the subject of this chapter (gases and vapors have
already been discussed). In the IH profession it is usual to
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differentiate several specific types of particulates, usually based on
how the aerosols containing them are formed.
Dusts are solid particles generated by handling, crushing,
pulverizing, grinding, colliding, exploding, and heating organic or
inorganic materials such as rock, ore, metal, coal, wood, and grain.
Fumes are formed when material from a melted or volatilized
solid condenses in cool air to form very fine suspended particles.
In most cases, the solid particles resulting from the condensation
react in short order with air to form an oxide.
The term mist is applied to liquids suspended in the atmosphere.
Mists are generated by liquids condensing from a vapor back to a
liquid or by a liquid being dispersed by splashing or atomizing.
Fibers are solid particles whose length is several times greater
than their diameter, such as asbestos. This aspect ratio length:width
is usually taken as 3:1 but can be as much as 5:1 in some instances.
Smoke is considered a mixture of any or all of these materials and
will often contain organic vapors and toxic gases (notably, carbon
monoxide) as well.
With current US production and extraction processes, common
particulates of interest include silica, asbestos, and a variety of
specific metals.

Sampling for Particulates
As for gases and vapors, sampling for particulate aerosols is done
on a volumetric basis, using an accurately calibrated sampling pump
to draw workplace air through sampling media. Most often such
media takes the form of a 37-mm filter, contained in a polycarbonate
cassette (Figure 1). Although the 37-mm filter is the most often
used, a 25-mm diameter cassette specially designated by the
manufacturer for asbestos analysis is employed for asbestos
sampling. An electrically conductive cassette is necessary to
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prevent loss of fibers to the walls of the cassette due to electrostatic
forces.
Filter media contained within the cassette comes in a variety of
material types, with PVC (polyvinyl chloride) and mixed cellulose
ester (MCE) being among the more common types specified by the
NIOSH Manual of Analytical Methods. Once attached to a calibrated
sampling train, the filter is exposed to workplace air for a known
time interval and then removed from the cassette and analyzed.
Figure 1.
Standard
3-piece
polycarbonat
e 37-mm
filter holding
cassette.

Analysis can be performed using a variety of analytical methods,
but one of the most common is called gravimetry. To perform
gravimetric analysis, the sampling filter must be dried (i.e.,
desiccated) prior to use to remove any adsorbed water vapor. It is
then weighed using an analytical balance, taken to the workplace
and exposed as part of the worker’s routine, and re-dried/
desiccated. Finally, the filter is weighed again, and the pre-sampling
weight is subtracted from the post-sampling weight. In this manner,
the entire particulate aerosol (i.e., “total particulate”) concentration
can be determined by dividing the sample mass by the volume of air
in the sample.
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Total Dust
Total dust sampling is used to evaluate exposures to a variety of
dusts, including alumina, calcium compounds, carbon, cellulose,
graphite, gypsum, plaster, cement, and grain dusts, including oats,
wheat, and barley. Use a maximum flow rate of 2 L/min for a
maximum sampling time of 480 minutes or eight hours. Under
current OSHA regulations, the total dust concentration for socalled nuisance dusts—meaning those with no specific diseases
associated with their exposures—is 15 milligrams of dust per cubic
meter of air: 15 mg/m3.
Also, total dust sampling can be used for toxicologically inert,
nuisance dusts, whether mineral, inorganic, or organic. These dusts
are listed in 29 CFR 1910.1000, Table Z-1 as particulates not
otherwise regulated (PNOR). Quite often, there are PELs for PNORs
stated for both total dust and a respirable fraction of that dust,
known simply as respirable dust since it is collected as a separate
sample from the total dust sampling.

Respirable Dust
Respirable dust is frequently more hazardous to those exposed to
it, in that it is a finer aerosol that is capable of being inhaled into
the deep parts of the lung, the pulmonary gas-exchange area known
collectively as the alveoli. Current OSHA regulations for nuisance
dusts limit employee exposures to only 5 mg/m3.
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Respirable

dust

collection

samples all the dust aerosol,
just

like

the

total

dust

approach, but it integrates a
cyclone device (Figure 2) to
separate

and

capture

only

those particles in the size range
that would be deposited in the
Figure 2. Functions of the SKC brand
respirable dust sampler. When
attached to a PAS pump running at
exactly 2.5 L/minute, the aerosol is
“cleaned” of larger particles and only
fine, highly penetrating materials are
captured on the filter for eventual
analysis.

gas exchange region of the lung
(normally
Particles

about
too

2-5

large

um).
to

be

deposited deep in the lung are
excluded from a respirable dust
filter and instead are collected
in a grit pot in the cyclone for

ultimate disposal. The respirable fraction is captured on a preweighed PVC filter for gravimetric analysis.
Figure 3 illustrates a second type of respirable dust collector
known as a 10 mm nylon Dorr-Oliver® cyclone. Unlike the SKC
aluminum device in Figure 2, the Dorr-Oliver unit must run at a
flow rate of exactly 1.7 L/min for a maximum sampling time of 480
minutes to collect a valid respirable particulate sample. Either type
of cyclone is routinely used in the profession.
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The particle size selective
characteristics are determined
by the type of cyclone used
together with the sampling
flow rate. For example, the
Dorr-Oliver

running

at

the

prescribed rate will sample
crystalline silica and coal dust
with the characteristics shown
in Table 1. For convenience, the
percent of an aerosol which
passes through the device is
usually used to describe the
size of the sampled fraction and
is defined as the cut point, or
diameter, 50 percent (d50).
Looking at Table 1 it can be seen
that the d50 required by OSHA
for respirable samples of silica
or coal dust is 3.5 um.

Figure 3. Representative sampling
train with Dorr-Oliver cyclone noted.
MSA brand of cyclone showing all
parts. Green banded filter cassette is
the media that is sent to the laboratory
for analysis, while the other parts are
cleaned then re-assembled for the next
use.
Table 1.
Sampling
characteristi
cs of a
respirable
size selector
such as the
Dorr-Oliver.

Although the criteria in Table 1 were written to meet the DorrOliver performance specifications, any technology that meets this
size selective sampling criteria can be used. Adjusting the flow rate
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of any other sampler design until a 50 percent cut is achieved
at 3.5 μm aerodynamic diameter may not achieve comparable
aerodynamic diameters to those specified at the 0, 25, 75, and 90
percent

cut

points,

and

so

every

sampler’s

performance

specifications must be consulted prior to use.

TWA Calculations
Sampling worksites with characteristically heavy dust exposures,
known historically as the “dusty trades,” can occasionally result in
filters so heavily loaded up with particulates that they are unsuitable
for volumetric analysis owing to flow restrictions. To get around
this problem, multiple sequential (one after another) sampling is
accomplished, and the results are used to calculate an average for
the entire sampling period. Because this is not a simple average,
but in fact is more heavily impacted by samples collected for longer
periods of time, it is known as a Time Weighted Average (TWA).
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Figure 4. Example of a TWA dust calculation necessary to determine a
worker’s full shift dust exposure. In this scenario the OH collected a series of
four sequential samples, gravimetrically determined the particulate
concentration for each, and then calculated the TWA on the basis of those
data. Note how the TWA in this case is actually closest to the value of the one
sample collected for the longest duration, 3.5 hours.

Metals
Thus far in the chapter the discussion has been mostly in reference
to mineral dusts, such as those containing crystalline silica. But
particulates as a class also include a very significant sort of activity
generating aerosols of fumes and metals: Welding.
Although the contaminant nature of a welding fume is different
than a mineral dust, the sampling procedure requirements share
many similarities. Like dusts, welding fume samples are normally
taken using 37-mm mixed cellulose ester filters (MCEF) and
cassettes. If these cassettes will not fit inside the helmet, 25-mm
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MCEF and cassettes can be used, but extra care must be taken not
to overload the smaller 25-mm MCEF when sampling.
When sampling for welding fumes, the filter cassette must be
placed

inside

the

welding

helmet

to

obtain

an

accurate

measurement of the employee’s exposure. In some instances,
sampling might include ambient or welding shop area samples that
are necessarily collected outside of the worker’s breathing zone
(BZ).
When a welding helmet or face shield is worn, the sampler is
placed on the collar or shoulder so that it is beneath the helmet
when the helmet is placed down; it must be located in the breathing
zone of the employee (a radius forward of the shoulders and within
6-9 inches of the mouth and nose). Studies have shown that the
welding helmet alone results in a reduction in the wearer’s
breathing zone exposures to welding fume. Placing the sampler
under the helmet allows a determination of whether respiratory
protection is needed.
Whenever respiratory protection is worn, employee exposure
samples must be taken in the breathing zone but outside the
respirator, in order to determine whether the assigned protection
factor of the respirator is adequate based on the measured
exposures outside the respirator. Some newer styles of negative
pressure respirators are designed to fit under a welding helmet. In
this case, where an employee is wearing both a welding helmet and
a tight-fitting negative pressure respirator, the sampler is placed
under the helmet but outside of the respirator. Where a supplied
air welding hood or abrasive blasting hood is worn, the sampler is
placed outside the hood, also in the defined BZ.
For analysis of welding fume, a specific OSHA method is
preferred. This method allows for analysis of several metals on the
same filter (Table 2). Gravimetric determination is required for many
other substances mixed with a welding fume, and for other agents,
bubblers or impingers might be utilized.
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Table 2. Welding fume metals analyzed for in OSHA methods.

Bioaerosols
Bioaerosols are a form of particulate suspension in that they may
contain viruses, bacteria, dead bacterial walls or constituents, mold
spores, and mold mycelia (partial listing). Figure 5 very graphically
illustrates why bioaerosols are important not only in workplaces
but also in most indoor and confined spaces where potentially
infectious people exist (i.e., virtually everywhere!). Because the
diseases from bioaerosols differ so greatly from the dusts and fumes
already discussed, and because the sampling media and techniques
for them are somewhat different, bioaerosols are discussed in the
Biohazards and Biosafety chapter.
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Figure 5. Classic photograph of a sneeze and the bioaerosol it is capable of
releasing.

Realtime Instruments
With advances in technology, it is presently possible to use real time
datalogging instruments to not only count the number of particles
in a unit of air (pt/cc) but to also sort such aerosol counts into
discrete size bins. Examples of two such devices are shown in Figure
6. Much like the evolution of computers to ever smaller sizes,
particle science has progressed to a point where formerly benchscale instrumentation is now readily available for portable field use.
Applications include certification and proving of low particle
concentration environments, called clean rooms, employed for high
tech manufacturing of items such as silicon wafers, microcircuits,
satellite assembly, pharmaceutical reagents, medications, and assay
kits.
What handheld particle instruments lack in specificity they make
up for in accuracy and applicability to the changing workspace
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found in industry. For example, the P-Trak ultrafine particle counter
in Figure 6, is described by the manufacturer in terms of uses and
applications as follows:

“The P-Trak Ultrafine Particle Counter locates
obvious pollutant sources such as boilers, furnaces, and
vehicles, and it also detects the not-so-obvious sources
such as photocopy machines and printers. Use this
instrument to detect the migration of toxic exhaust
gases, malfunctioning office equipment, pinhole gasket
leaks in boilers and a wide variety of other problems.
“Ultrafine particles are defined as having a diameter
less than 0.1 μm (or 100 nm). Engineered nanoparticles
(nanomaterials) are a subset of ultrafine particles with
dimensions from 1 to 100 nm. Nanomaterials are
produced and used for industrial and high-tech
applications, while ultrafine particles are the byproducts
of combustion and other chemical reactions.
Unfortunately, the occupational health risks associated
with manufacturing and using nanomaterials are not
clearly understood. As a result, a need has arisen to
assess workplace conditions. Using TSI’s proven
technology, the P-Trak gives direct, real-time
measurement of workplace ultrafine particulate levels.”

The AeroTrak® particle counter on the left in Figure 6 serves a
similar function and can be used to locate particulate contamination
sources, test and certify cleanroom operations, filter leak testing,
and general OH/IH indoor air quality investigations.
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Figure 6.
TSI® brand
AeroTrak®
particle
sizer, left,
and P-Trak®
particle
counter,
right. Units
are shown
deployed to
measure
particulates
generated by
the bank of
10 3D
printers seen
in the
background
of the
photograph.

Questions and problems
1. Define breathing zone, BZ.
2. What is the difference between a respirable dust and a total
dust sample?
3. This unit is an electronic, realtime instrument for dust
concentration and size analysis
a. Dust cyclone
b. Open face filter cassette with pump running at 1.7 LPM
c. TSI particle counter and sizer
d. Open face 37-mm cassette
4. If a person is exposed at 2.8 mg/m3 for 2 hours, 8.2 mg/m3
for 4 hours, and 9.5 mg/m3for 2 hours, what is their time weighted
average (TWA) exposure to this total dust?
5. Name three occupational diseases caused by particulate
exposures of the worker.
6. Define cutpoint.
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7. Particulate sampling for the respirable dust fraction of an
aerosol may be conducted with:
a. An SKC aluminum cyclone and appropriate filter
cassette
b. A nylon cyclone and appropriate filter cassette
c. Charcoal, silica gel, XAD-2, or Tenax adsorbents
d. Both A and B
8. True or false: The lungs are extremely delicate organs with high
blood flow, and can be easily damaged by both acute as well as
chronic exposures to workplace chemicals.
9. Name the process that creates dusts.
10. A fibrogenic dust is a health hazard because:
a. it causes scarring and plaques in the worker’s lung,
decreasing lung function
b. it means the worker was exposed to asbestos, contrary
to OSHA regulations
c. it means the worker was exposed to cotton in excess of
OSHA limits
d. none of the above
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at

4. Ventilation
Learning objectives and terms

Understand and be able to describe the types of
ventilation.
Understand the differences between dilution ventilation
and local exhaust ventilation.
Know the types of LEV systems and when to use each.
Recognize ventilation measurement tools.

Terms
•

Natural ventilation

•

General ventilation

•

Dilution ventilation

•

Local exhaust ventilation

•

Local supply ventilation

•

Velometer

•

Flow

•

Hood

•

Duct
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Introduction
America is the third most productive manufacturing economy in
the world, behind the expansion of China and the European Union
nations

into

such

activities.

Production

of

heavy

goods,

consumables, raw materials, food,
and even services can lead to
annoying

or

potentially

hazardous airborne pollutants
within the workplace, in the
surrounding community, and
ultimately,

the

global

environment. The IH role is
increasingly involved not just in
capturing or controlling inplant emissions but also in the
control,

permitting,

educational

and

aspects

materials

released

into

neighborhoods
municipalities

of
and

in

which

an

operation is located (figure 1).
Because

so

exposures
chemicals

many
to

involve

of

the

hazardous
airborne

Figure 1. The Ohio University steam
plant routinely dissipates water vapor
as steam (tall plume on right) as well
as combustion by-products from the
burning of fossil fuels (4 stacks on left),
into the university community.

materials, the most dominant form of engineering control for such
materials is ventilation.
Ventilation is the intentional movement of air from one place to
another. It can be accomplished by natural means such as rising
heat currents or prevailing winds, as well as via mechanically pushed
or pulled air from point A to point B. Point B is often simply the
outdoor environment. Hygienists measure air movement as flow, Q,
normally expressed in cubic feet per minute (cfm) in the U.S. Flow
is simply the product of the velocity of the moving air, V, in feet
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per minute (fpm) and the cross-sectional area, A, through which
that air is moving (expressed in square feet: s.f. or ft2). From this
relationship we have the basic, fundamental equation of ventilation:

For example, the flow of air through a home kitchen stove hood with
an area of two square feet (one foot deep by two feet wide), and
an air velocity of 75 fpm in operation, is 150 cfm. That is quite a bit
of air to be exhausting out of one’s kitchen, and its effects in cold
winter months can cause significant rises in home heating costs
when all that warm, heated living-space air is simply “thrown out”
to the outdoors.
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Anytime

air

ventilation
There

is

are

is

moving,

taking
five

place.

types

of

workplace ventilation routinely
recognized:

natural,

general,

dilution, local supply, and local
exhaust.

Natural

ventilation

uses existing forces like wind
and temperature differences to
create airflow through open

Figure 2. The most common type of
natural ventilation control – doors
and windows that open. Photo by Jan
Jakub Nanista

doors, windows, and vents to
reduce the concentration of contaminants or temperatures (Figure
2).
General ventilation uses mechanical systems to recirculate and
exhaust small percentages of occupied-space air (usually only very
slightly contaminated with pollutants). In such systems, the amount
of air vented externally is replaced with clean air brought into the
space. It is used most often in commercial spaces, such as stores,
offices, schools, hospitals, and hospitality locations, where it is
referred to as the heating, ventilation, and air conditioning (HVAC)
system. A typical HVAC unit is shown in Figure 3. The common
forced-air furnace and air conditioning system used in many U.S.
houses constitutes a small, stand-alone general ventilation system.
Dilution ventilation can be
thought
ventilation

of

as

in

general

which

100

percent of the air in the facility
is exhausted. No contaminated
air is recirculated in a dilution
ventilation

system.

Dilution

ventilation
Figure 3. HVAC system in Grover
Center at Ohio University, Athens,
Ohio, in 2020.

pulls

uncontaminated
workspace,
chemical

air

reducing

to

the
toxic

concentrations

by

diluting those concentrations with fresh air. The concentrations are
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diluted, not removed from the source. Examples of dilution are
opening a roller door or blowing fresh air into a room with a large
fan to disperse and dilute contaminants.
Local supply ventilation is rarely used. It most often is used to
take clean air and blow it over a person directly for temperature
control or to isolate the person from adjacent or fugitive
contaminants from nearby processes which are difficult or
impossible to control effectively.
The last of the five types of ventilation—yet arguably the most
important industrially—is local exhaust ventilation (LEV). It uses
fume hoods, enclosures, and cabinets in conjunction with fans,
motors, ducts, and exhaust stacks to remove emissions of
contaminants near their source of generation within a facility. While
the classic laboratory fumehood is the prime example of an LEV
in a research or academic setting, LEVs can take many forms. A
dust shop sort of LEV with three normal duct connectors is shown
in Figure 4. In order to function correctly, the LEV must be in
good working order. LEV systems must meet legal requirements
and undergo regular maintenance and thorough examination and
testing. Local exhaust ventilation systems are most effective and
most used in southern or northern states due to the cost. These
systems remove contaminants at the source and require proper
design, maintenance, and training in proper use.

Hoods
Hoods are a critical component
Figure 4. Dust removing LEV system
and 3 common duct pieces: a T, an El,
and a Y (or wye).

in LEVs and so must be chosen
by considering the movements
of

people,

machinery,

and

materials, as well as air currents in the room. The main reasons LEV
systems fail to protect are the incorrect type of hood is chosen; the
airborne contaminant isn’t contained or captured by the hood; LEV
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hood design doesn’t match the process and source; or there is
insufficient airflow.
Three basic LEV hoods are enclosures, receiving, and capturing
types. Enclosing hoods surround the source of the contaminants
and include the common lab fume hood as an example. Receiving
hoods are configured to have the noxious agent pushed into it from
the process generating it. That process takes place outside of the
hood but must target the hood location for the hood to catch the
material. Canopy hoods, like those used in kitchens and furnaces,
are common receiving hoods in that the hot process air (e.g., boiling
ramen noodles) rises into the canopy where it is trapped and
removed from the facility. Capture hoods can be thought of as
having sufficient airflow to reach out to the contaminant source
air, then still retain enough airflow at the source to draw in the
contaminants. Common capturing applications are grinding hoods,
CNC machine hoods, and many woodshop tool hoods.
Problems with LEVs often
center on the hood itself. Fume
hoods are often overloaded
with unnecessary object or
equipment

(Figure

5),

are

poorly maintained, not used for
lack of convenience or cost, or
provide

insufficient

airflow

because the end-user has made

Figure 5. Example of an overloaded
laboratory fumehood.

modifications that result in it
no longer having enough airflow to fulfill its original design criteria
(Figure 6).
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Ductwork
Ductwork is used in several
places in most facilities. First, it
is necessary to supply clean air
to building occupants for the
Figure 6. User-modified fumehood no
longer able to function as intended due
to insufficient airflow in an excessive
number of user-added air ducts.

purposes of temperature and
comfort (Figure 7). But other
ducting is used that connects
the LEV enclosure to the fan/

motor moving the contaminants, as well as to the exhaust stacks on
the outside of the building.
LEV ducts can be made of
galvanized steel, stainless steel,
PVC plastic, and even flexible
rubber hosing. Problems with
them can include high frictional
losses due to the number of
twists and turns of the duct
pathway, loading up of the
interior surfaces with settled
contaminants, corrosion and

Figure 7. Air supplying ducts typical of
many HVAC systems in commercial
buildings. Photo by Mitchell Luo.

leaks from such corrosion, and clogs from birds or vermin nests.
Ductwork carries the extracted air and the contaminant from the
hood inlet to the air cleaning device (if present). Velocity of the air
is important to keep the contaminant moving through the system,
and so lower friction materials are preferred. Ductwork should be
sufficiently strong, well-supported, and capable of withstanding
normal wear and tear. The number of changes of directions should
be kept to a minimum and should be made smoothly.
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Motors and fans
It takes energy to move air because air has mass. Cold, humid air
requires more energetic motors than does warm, dry air, for
example. Fans and motors are typically considered as pairs in the
usual LEV system, since the designer must keep in mind the mass of
not only the air itself but the nature of the contaminant contained
within it (e.g., heavy metal shavings versus light flour dust). Thus, an
LEV design will pair a motor of a certain power, designated as HP or
horsepower, with a fan of a particular type (propeller or centrifugal).
Further discussion of these necessary LEV elements is beyond the
scope of this text.

Exhausts
At some point, the airflow from the contamination source must exit
the facility to a location acceptable to the building occupants. That
is normally the roof area, since architects like to position “ugly”
ductwork out of sight so as to not ruin the aesthetics of their
building design (Figure 8).
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Wherever an LEV exhaust is
placed, it must meet certain
criteria, such as a minimum
number of vertical feet above
the roof line and a certain
horizontal distance from any
fresh air intakes for that same
facility. LEV exhausts should
not simply end as open tubes
on a roof, with no further
consideration of what happens
to

their

contents.

When

exhaust air is re-entrained into
the building by a fresh air intake
it
Figure 8. Five LEV rooftop exhaust
stacks from a government toxic
materials research laboratory.

is

considered

cross

contamination.

Instances

this

are

normally

of

detected

within the building’s occupied
spaces

as

odors

or

smells

objectionable to the residents.

Dilution versus LEVs
With so many types of ventilation defined, one might wonder when
one type is used over another. In addition to the discussion above,
the decision logic for choosing dilution ventilation instead of LEV, or
vice versa, is shown in Figure 9. One cannot say that any particular
type is always better than any other, but it is true that there are
advantages of one or the other given the nature of the toxic
materials being used, the outdoor climate, time dependency of the
release of the production materials, and so on. Some generalities
exist. For example, dilution is used when contaminants are of lower
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toxicity and concentrations of contaminants are not hazardous.
Conversely, contaminants that are highly toxic or otherwise very
hazardous usually require the use of LEV. Smoking can be allowed
when LEV is in use but not when dilution ventilation is in use.
Dilution is used when emissions sources are expensive and difficult
to remove, but the opposite is true for LEV systems.

Figure 9. When to use dilution ventilation (left column) versus LEV (right
column).

Ventilation assessment
As noted, ventilation is a dominant means of airborne contaminant
control utilized by the hygiene professional, and therefore it is
necessary to have some understanding of the principles of air flow,
flow measurement, and HVAC system component operation.
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Although the design of an LEV is beyond the scope of this text,
it is entirely to be expected that an OH/IH would be called upon
to evaluate the adequacy of an LEV and to troubleshoot a system
plagued by operator complaints or worse—health issues. The basic
approach to system evaluation can be thought of as a series of
logical steps, defined as follows:
1. Identify the necessary flow, Q, required to protect workers.
Exposure data and realtime instrument readings of
contaminant concentrations might be used, in conjunction
with OSHA mandates or other recommended standards, to
define that target value.
2. Measure the ventilation system for velocities and flows
necessary to provide the necessary Q in step 1.
3. When system inadequacies are suspected, delve deeper into
likely causes of poor system performance, looking in particular
at things like:
◦ Overloaded enclosures or fumehood
◦ Rusted, broken, or loose duct connections
◦ Missing motor-fan belts
◦ Clogged ducts, dirty fan blades, or overloaded air cleaners
◦ Defective LEV system parts, such as tripped electrical
breakers, frozen motor bearings, stuck dampers, bird
nests in exhaust ducts, etc.

Velometers
The primary tool for flow assessment by the professional hygienist
is the velometer (velocity + meter = velometer). These are available
in a variety of types and brands, costing somewhere in the range of
$300 to $1,500, depending on the features purchased. Several types
of velometers are shown in Figures 10 A and B. The
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velometer is used to measure
a velocity, either where air
enters a system (e.g., hood
entry face velocity) or within a
duct as a duct traverse (e.g.,
duct velocity; see Figure 12,
showing

a

pitot

tube

and

setup

in

use).

manometer
Regardless

of

measurement

point it is then essential to
measure
area

the

cross-sectional

through

which

that

Figure 10 A. Simple swing vane
velometer.

measured air is moving. This is
accomplished simply with a tape measure. With V and A known, it is
then a simple calculation to determine Q (see above). Finally, with Q
known, that Q can be compared to suggested flows published by
professional organizations like the American Conference of
Governmental Industrial Hygienists (ACGIH) to see if the LEV is
operating at an acceptable level of performance.

Pitot tube +
manometer
A type of primary standard
measurement tool for HVAC
systems is comprised of a pitot
Figure 10 B. Modern
Thermoanenometer.

tube

(pronounced

“p-toe”)

connected to a liquid filled
manometer (Figure 11). This

system is quite simple, has no batteries or electronics that might
fail, and never requires factory recalibration, making it popular with
some professionals. The pitot tube/manometer kit measures air
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pressures within a duct and cannot be used for the face velocities
more frequently required for hygiene and safety evaluations. A
minor detraction of the system is that it doesn’t measure V directly;
rather, it measures velocity pressure, VP, which must then be
converted to V before performing further flow calculations. The
formula for conversion of VP to V is:
Note that the units of VP are in “inches of water” or “water gage”
(w.g.), which become fpm after the conversion formula.

Figure 11. Pitot tube connected by
rubber hoses to manometer used to
measure positive and negative air
pressures responsible for moving air
within ducting.

Questions and
problems
1. According to the American
Society

of

Refrigeration,
conditioning
(ASHRAE),

the

Heating,
and

Air

Engineers
definition

of

acceptable indoor air quality is:

Figure 12. In duct velocity pressure
measurement via the traverse method.
n.b. Values from this assessment will
need to be converted from inches
water gage into fpm.
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a. Air that comes entirely from outside the building
b. Air which 80% of the people exposed will not express
dissatisfaction
c. Air with less than 5,000 ppm carbon dioxide
d. Both A and C
2. The ventilation equation “Q = V x A” stands for “flow = velocity
times area”. It is also known as:
a. The total pressure equation
b. The dilution ventilation equation
c. The continuity equation
d. The universal flow equation
3. To function as a local exhaust system, the system must include
which element(s)?
a. Enclosure and low/no flow alarm
b. Air filtration of exhaust
c. Enclosure, duct, fan, motor, exhaust stack
d. All of the above
4. Given a 12 inch square exhaust system duct (i.e., 12” x 12”), and a
pitot tube plus manometer velocity pressure reading of 1 inch water
gauge, what is the flow through this duct?
a. 1 cubic foot per minute
b. 1 foot per minute
c. 144 cubic inches per minute
d. 4005 cubic feet per minute
5. For control of hazardous atmospheres in the worker’s breathing
zone, the best form of ventilation is:
a. General
b. Dilution
c. Local exhaust
d. None of the above
6. Natural ventilation is an accepted form of building ventilation
used in certain occupancies in certain geographic locales.
a. True
b. False
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7. If the Q in a hood is 5,000 cfm, what is the velocity at the face
opening (10 feet x 10 feet)?
a. 50 fpm
b. 50 square feet
c. 500 square feet
d. 50,000 lfpm
8. This IH tool measures ventilation pressures in the units of
“inches of water” gauge:
a. A pitot tube and manometer
b. A hotwire thermoanenometer
c. A vane axial fan
d. None of the above
9. An IH worries that the ventilation rate is too low in an operating
room. The room is 20 ft X 20 ft with a 12 ft ceiling. There are 2 supply
inlets, each is 15 inches X 12 inches. The first inlet has an average
face velocity of 500 fpm, and the other has an average velocity of
750 fpm. What is the RACH for this room? Show work & units for
partial credit.
Normal temperature and pressure of air, for industrial hygiene
purposes, at taken to be:
a. 0 degrees C and 1 atmosphere
b. 20 degrees C and 25 atmospheres
c. 25 degrees C and 1 atmosphere
d. 1 degree C and 1 atmosphere
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Information adapted from OH Learning course: Basic Principles in
Occupational Hygiene.
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5. Indoor Environmental
Quality
Learning objectives and terms

Explain the regulatory situation for indoor air in the U.S.
in the ‘20s.
Be able to explain usual sources of contaminants in the
air of non-industrial indoor spaces.
Know the health effects of some well-recognized air
pollutants occurring in homes and offices.
Describe the major factors responsible for microenvironmental issues of IEQ.
Explain why moisture is a key factor in IEQ issues.

Terms
•

AHU

•

Black Mold

•

BRI

•

CO

•

CO2
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•

HVAC

•

IAQ

•

IEQ

•

Radon

•

Relative Humidity

•

SBS

Introduction
Americans and most Western civilization community members
spend the majority of their life in enclosed spaces such as homes,
offices, car interiors, airplanes, shops, and cafes and restaurants.
In fact, the U.S. EPA long ago estimated that over 90 percent of
a person’s time is spent in the indoor environment. At one time
thought to be a place of no hazardous pollutants, in the last several
decades indoor air quality (IAQ) has taken on as much—if not
more—importance as many manufacturing or industrial workplaces.
The simple truth of the subject is that while industrial hygienists
have worked to clean up the factory air for more than 100 years, it
is only more recently that IAQ has been seen to present legitimate
hazards to people’s health.
The quality of indoor air inside offices, schools, and other workplaces
is important not only for workers’ comfort but also for their health. Poor
IAQ has been tied to symptoms like headaches, fatigue, trouble
concentrating, and irritation of the eyes, nose, throat, and lungs. Also,
some specific diseases have been linked to specific air contaminants or
indoor environments, like asthma with damp indoor environments, or
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the SBS and BRI described in the chapter on Occupational Diseases. In
addition, some exposures like asbestos and radon, do not cause
immediate symptoms but can lead to cancer after many years.
IAQ, or alternatively the more broadly encompassing term indoor
environmental quality (IEQ), refers to the nature of a building’s
environment in relation to the health and wellbeing of those who occupy
space within it. IEQ is determined by many factors, including lighting,
air quality, temperatures, chemical concentrations, and noise. Workers
are often concerned that they have symptoms or health conditions from
exposures to contaminants in the buildings where they work. One
reason for this concern is they may experience symptoms at work that
often get better when they are not in the building. While research has
shown that some respiratory symptoms and illnesses can be associated
with damp buildings and molds, it is still often unclear which IEQ traits
put a worker at risk for disease. In most instances where a worker and
their physician suspect that the building environment is causing a
specific health condition, the information available from medical tests
and environmental measurements is not sufficient to establish causality:
Results are often inconclusive and cannot prove which IEQ stressors, if
any, are responsible.
Indoor environments are highly complex, and building occupants
may be exposed to a variety of contaminants. Gases, vapors, and
particles can emanate from a diverse number of sources, often
in complex mixtures. Frequently named sources include office
machines and printers, cleaning products, renovation construction
activities, new carpets and furnishings, perfumes, cigarette smoke,
water-damaged building materials, microbial growth, insects or
their residuals, and even outdoor pollutants. Other factors such as
indoor temperatures, relative humidity, and ventilation levels can
also affect how individuals respond to the indoor environment.
Understanding the sources of indoor environmental contaminants
and controlling them is generally considered the role of the
occupational hygienist. His or her expert training and experience
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can often help prevent or resolve building-related worker
symptoms.

Regulations and standards
To a great extent, OSHA is not meaningfully involved in IEQ matters
at this time. But while the organization does not have IAQ standards,
it can respond to questions about standards with letters of
interpretation. Section 5(A)1 of the OSHA act mandates a workplace
free of recognized hazards, but the term “recognized hazards” is
quite unclear in most IEQ issues. This General Duty Clause of the
OSH Act requires employers to provide workers with a safe
workplace that does not have any known hazards that cause or are
likely to cause death or serious injury, but most IEQ matters fail to
rise to such a level of severity.
Added to the vagaries of IEQ issues is the fact that a very high
percentage of IEQ complaints involve no obvious chemical
exposure, or, if they do, the concentrations seen might be orders
of magnitude below current OSHA limits (i.e., concentrations of ppb
or less seen indoors compared to ppm in workplace PELs). Only
a handful of U.S. states have their own IEQ regulations, and many
of those are directed at well-recognized hazards such as cigarette
smoking, secondhand smoke, lead based paint or asbestos
contamination.
Absent specific laws on IEQ, professional standards for the quality
of indoor air have emerged. The two most often cited come from
the

American

Society

of

Heating,

Refrigeration,

and

Air

Conditioning Engineers (ASHRAE). ASHRAE standard 55 primarily
addresses the comfort factors of a space, considering things like
temperature, relative humidity (RH, the amount of water vapor in
the air), and occupant odors. ASHRAE-55 recommends that RH be
less than 60 percent and occupied spaces be maintained at about 70
degrees Fahrenheit. After the U.S. energy crisis of the early 1970s,
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buildings were often sealed up to make them much more energy
efficient. Along with those actions came a rise in matters of indoor
pollutants. Whereas loose or leaky buildings allowed occupants to
open windows for ventilation, energy efficient facilities could allow
concentrations of undesirable materials to rise. In response,
ASHRAE and others (notably the American Industrial Hygiene
Association, or AIHA) worked to come up with a new standard not
just for comfort but for the provision of adequate building air
quality. Thus was born ASHRAE standard 62.1.
ASHRAE 62.1 was produced in 1973 and titled “Ventilation for
Acceptable Indoor Air Quality.” It has changed a number of times
over the years, but its focus remains the avoidance of IEQ matters
in indoor settings. The hallmark definition from the document is
its definition of acceptable air quality as “air in which there are
no known contaminants at harmful concentrations as determined
by cognizant authorities and with which a substantial majority (80
percent or more) of the people exposed do not express
dissatisfaction.” Clearly this potentially leaves 20 percent of the
building occupants unsatisfied with their air quality, and so there
have been issues about the overall enforceability of this somewhat
subjective definition.

General factors or sources
One might legitimately ask if there are really serious problems
associated with IEQ. Compared to many industrial work spaces,
offices in commercial buildings are extremely clean and hygienic.
While that is a fact, it is also true that these places are also work
environments—occupants typically must remain in those locations
regardless of what’s in the air, adjoining building activities, or
neighboring practices. Some of these sorts of activities are listed in
Figure 1.
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Figure 1. Activities done inside indoor spaces that have a high probability of
contaminating building air if not controlled adequately.

Occupants
In any shared convenience (public toilets, freeways, city
sidewalks, indoor spaces), there will almost certainly arise conflicts
about what is acceptable and what isn’t. Sometimes even minor
issues can escalate into major problems among occupants (“Turn
down that music! I can’t hear myself think.”). Such annoyances or
events taking place in the work environment can leave workers
feeling trapped or unfairly exposed, in turn leading to complaints or
worse, actual physical or mental symptoms. When that happens, it
is up to the building owner or management to correct the situation
to ensure job focus, health, and productivity.
Buildings operating in compliance with ASHRAE 62.1 will normally
avoid problems resulting from the occupants themselves, chief
among them the generation of carbon dioxide (CO2) in human
breath. With a criterion of supplying 20 cubic feet per minute of
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outside air for each occupant, CO2 levels should remain acceptable.
CO2 itself is the least toxic of all OSHA regulated workplace
chemicals, with a PEL of 5,000 ppm. However, at concentrations
over 1,000 ppm, it might result in feelings of stuffiness and
drowsiness in some persons.
While ASHRAE 55 compliance will normally control for things
like bad breath or body odor among those sharing a space, such
breathing zone contaminants is not always a certainty. Even
personal fragrances like perfumes or after-shave lotions have been
the source of complaints over the years. Elevators and small
conference rooms, in particular, can exacerbate such problems.
Furthermore, personal hygiene is at best considered a human
resources issue and not easily resolved by IEQ control practices.
And while it is common courtesy to avoid work when biological
contamination (i.e., colds, flu, Ebola) is an issue, not all people are
inclined to do so.
Construction
People and construction activities do not mix well. Construction
and renovation projects in office settings can adversely affect
building occupants by the release of airborne particulates, paint
smells, and adhesive gases, but careful planning for IEQ and the
prevention of exposure during these activities can mitigate
problems. Seemingly innocuous activities done in one’s home, like
applying latex paint or using glue to hold cabinets, can adversely
affect some building occupants to the point of annoyance or health
effects. Even outside construction activities like replacing or fixing
a hot-tarred roof can be quite disruptive.
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Particulate material such as
dusts (Figure 2) and fibers are
likely to be produced during
construction and renovation
activities.

Sources

include

drywall, plaster, concrete, soil,
wood,

masonry,

flooring,

roofing, and ductwork. Dusts
are irritants and can exacerbate
lung

conditions

as asthma and
obstructive

such
chronic

lung

disease.

Materials that contain fibers
such as fiberglass composite
materials
irritate

or

the

respiratory

insulation
skin,
tract

eyes

can
and
when

Figure 2. Dusts from masonry or
drywall work are especially
problematic if uncontrolled in indoor
renovations. Photo provided by USEPA.

disbursed in the air and/or
inhaled.
For all construction and renovation dusts, a plan to minimize
exposure should be implemented, including shutting down or
isolating parts of the buildings ventilation system involved in the
affected areas. Appropriate containment should be in place to
prevent disbursement into occupied areas. Certified and licensed
contractors may be required to conduct renovations where
asbestos or hazardous materials are involved.
Support and maintenance activities
Unlike infrequent renovation of spaces involving bona fide
construction practices, building owner actions are normal and
regular parts of supporting and maintaining a building. Things like
changing air filters, unclogging sewers or cleaning drains, testing
fire alarms, and fixing roof leaks are all routine maintenance
activities that have the potential to affect IEQ if poorly executed.
Worse yet, perhaps, is when older or less profitable facilities are not
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provided with routine maintenance to change out broken or worn
out equipment and devices (Figure 3, right).
In New York City, for example, regulations mandate cooling
towers be registered and water testing performed for biological
amplification of Legionella bacteria (as a means of preventing the
sometimes fatal Legionellosis). But testing costs money and takes
time and therefore might not always be accomplished by
maintenance workers with limited time, tight budgets, and greater
priorities. Another example of biological contamination is an
accumulation of bird or rodent droppings. In both cases, regular
cleaning can prevent such hazards from accumulating to the point
that disturbances could spread potentially allergenic or infectious
dust to occupied building areas. Finally, many commercial buildings
employ floor drains in places like janitor closets or restrooms. Most
drains are installed with so-called “P-traps” or “S-traps”, in
reference to their shape. These traps are normally filled with water
as a seal against sewer odors escaping back into occupied spaces,
but if they are neglected or dry out, those odors find their way into
the building resulting in odor complaints.

Figure 3. left: rare book showing mold damage on margins. Center:
“mushrooms” being pressure washed off neglected HVAC cooling coil. Right:
residential HVAC humidifier wheel recovered from 40-year-old dwelling. Lack
of inspections and routine maintenance were key factors responsible for
allowing these situations to occur. All photos by the author.
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One notorious outcome of deferred maintenance within buildings
can involve unchecked moisture resulting in the growth of molds on
building surfaces and contents (Figure 3, left and center). Chronic
dampness from water intrusion leads to increased bacteria, mold
and other microbes in a building environment. Dampness results
from water incursion either from internal sources (e.g. leaking
pipes) or external sources (e.g. rainwater leaking in). Dampness
becomes a problem when various organic materials in buildings
such as rugs, walls paper and glues, cellulose ceiling tiles become
wet for extended periods of time, allowing for mold colonization.
Even moisture in the air (i.e., high relative humidity) that is not
properly controlled with air conditioning can also lead to excessive
dampness.
Flooding from stopped sewer
pipes releases both water and
rich

organic

nutrients

extreme

for

biological

contamination. In the presence
of

notable

events

like

hurricanes and floods, damp
building materials from water
Figure 4. Shoes and a backpack
covered in mold. Photo taken in a New
York City financial district office
building after excessive water
exposure for weeks following the 9/11
attacks. Workers were evacuated from
their office spaces and did not return
for many days, allowing
environmental conditions favorable
for such growth. Photo courtesy of Jack
Springston.

incursion

are

often

readily

apparent. However, dampness
problems can be less obvious
when the affected materials
and water source are hidden
from view (e.g., wet insulation
within

a

excessive

ceiling
moisture

or
in

wall;
the

building foundation due to the
slope of the surrounding land). In the aftermath of the New York
City 9/11 attacks, buildings surrounding the Twin Towers sustained
significant damage from fire sprinkler water releases. Standing
water and extremely high relative humidity resulted, leading to
visible mold grown in numerous locations (Figure 4).
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The health of those who live, attend school, or work in damp
buildings has been a growing concern through the years due to a
broad range of reported building-related symptoms and illnesses.
Research has found that people who spend time in damp buildings
are more likely to report health problems such as:
• Respiratory symptoms (such as in nose, throat, lungs)
• Development or worsening of asthma
• Hypersensitivity pneumonitis (a rare lung disease caused by an
immune system response to repeated inhalation of sensitizing
substances such as bacteria, fungi, organic dusts, and
chemicals)
• Respiratory infections
• Allergic rhinitis (often called “hay fever”)
• Bronchitis
• Eczema

One of the first and most notorious mold-implicated
IEQ investigations involved a group of infants in
Cleveland, Ohio, in 1993-1994. Conducted by the CDC
and reported in their weekly Morbidity and Mortality
Weekly Report, eight babies were diagnosed with an
otherwise rare lung infection called pulmonary
hemosiderosis. Environmental investigations at the time
linked the infections to the patients’ homes, where the
mold Stachybotrys atra was identified. Quickly dubbed
“Black Mold” by the media, many persons came to
erroneously believe that S. atra was the cause. While the
link was never proven and CDC later attempted to
clarify the matter, the term Black Mold has stuck and
continues to raise questions among the public whenever
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one of thousands of naturally occurring molds is seen in
an indoor space.

Exposures in damp buildings are complex, with outcomes ranging
from no symptoms or minor sniffles to claims of mortality or
extreme illness (callout box: Black Mold). Moisture allows indoor
mold to multiply more easily on building materials or other surfaces,
and people inside buildings may be exposed to such microbes and
their components, such as spores and fungal fragments (Figure 5).
Mold may also produce allergenic substances that can cause or
worsen health problems (e.g., the Asp f1 mold allergen), and these
substances vary depending on the mold species and on conditions
related to the indoor environment. Moisture can also attract
cockroaches, rodents, and dust mites, all of which have known
specific allergens associated with their presence.
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Figure 5. Extensive mold colonization of an unoccupied apartment building
after failure of the roof to prevent moisture intrusion. Photo by the author.

User processes
Some

IEQ

problems

might

be

considered

self-inflicted,

acceptable to some occupants using the offending materials, but
not to others. Examples might be the heavy sulfur odors that
sometime greet shopping mall visitors passing by open-fronted hair
salons. Chemicals used to “perm” hair can create distinct and
objectionable smells in such process areas. In makerspaces, 3D
printers are increasingly the norm. Using a variety of plastics heated
to a melting point, such printers can produce a characteristic
molten plastic smell as well as fine particle emissions. Architect and
engineering offices frequently house wide carriage printers fueled
by a variety of print inks, some of which generate ozone with heavy
use or high numbers of extremely fine particles.
When user processes are the cause of IEQ issues, there may be
engineering solutions such as ventilation or hygiene practices to
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minimize releases. In extreme cases, relocation of the user process
might be the only tenable solution that will satisfy ASHRAE’s 80
percent criterion. In other cases, prudent avoidance may be
warranted, or material substitution.

Ventilation: HVAC considerations
If buildings were people, their pulmonary system would consist
of the heating, ventilation, and air conditioning system (HVAC).
Building ventilation is the circulation of air throughout a building,
normally using the HVAC system to mechanically move air to and
from interior spaces. HVAC systems most often consist of
mechanical parts, which should provide air to building occupants
at a comfortable temperature and humidity that is free of harmful
concentrations of air pollutants.
HVAC systems include all of the equipment used to ventilate,
heat/cool, and humidify/dehumidify the building. From outside to
the inner most room, these parts are the outside air intakes, ducts,
[filters, heating and/or cooling coils, humidifiers, fans and motors],
distribution ducts, room diffusers, and return air plenums. Many
times, the elements described in brackets [ ], are considered a
subpart of the HVAC termed an air handling
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unit, or AHU. An illustrated
HVAC with AHU is depicted in
Figure 6.
Improper operation or poor
maintenance of HVAC systems
is one of the most common
problems

that

impacts

workplace IAQ (recall Figure 3).
Early study of IAQ issues by
NIOSH indicated that over half
(53

percent)

of

problems

were

attributable

to

all

AHU

such

directly
issues,

including improper operation,

Figure 6. EPA indoor air quality
diagram illustrating a simple HVAC
system with an above ceiling AHU.
Notice that occupant pollutant sources
are mostly diluted by the addition of
outdoor air to the AHU. A
directly-ducted local exhaust system is
shown on the right (red arrows).
Graphic by USEPA.

poor hygiene, poor design, and
reckless modifications.
HVAC-attributable IEQ issues have been linked to all of the
elements shown in Figure 7 and more. Outdoor air intakes (red
arrow) are sometimes located in out-of-the-way parts of a building
not easily accessible or monitored. Left unmonitored, birds or
vermin can build nests in these areas, potentially contaminating
intakes with excrement and filth. Other times, places like loading
docks also house air intakes, and idling delivery vehicles emit diesel
particulates directly into a facility. Lastly, neglected air intakes can
load with debris, effectively blocking them from admitting fresh
air as required by ASHRAE 62.1 (Figure 8). It is not unheard of in
extreme climates to learn of outside air dampers and intakes having
been wired closed to increase building energy efficiency.
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Figure 7. HVAC elements often involved in IEQ investigations, if not
remediation efforts. Note the fresh air intake grille (“outside air”) below the
red arrow. Photo by author.

As pointed out previously, HVAC filters, coils for heating or cooling,
and fans and motors are usually all contained in a single metal
housing termed the AHU. Because AHUs are essentially closed boxes
(as seen from the outside) it is possible to be quite unaware of
their internal condition. Dead animals, leaves, sticks and the like—all
sucked in via the outside air inlet—can accumulate undetected on
the AHU filters, where they might cause odors or air blockages
(Figure 9).

Figure 8. Outside Air Intakes. Left to right: a new inlet damper; two
side-by-side installed dampers, shown in the closed position; an inlet screen
so occluded it is not even possible to see the inlet damper known to be behind
it. Poor building maintenance and oversight is responsible for most HVAC
deficiencies attributable to IEQ findings. Photos by author.
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Since cooling coils typically drip moisture in the cooling seasons,
they are installed with pans and drains beneath them to get rid of
such moisture. Such coil drain pans can get clogged with debris
allowing bacteria and mold to grow in what is virtually a cool, dark
incubator, able to disseminate those growth products downstream
of the AHU and into the occupied spaces. These stagnant pans
of water can also cause high relative humidity elsewhere in the
building, thereby increasing the possibility of visible mold growth in
the occupied spaces (recall Figures 3-5).
In

addition

to

poor

maintenance or hygiene with
HVAC systems, poor design or
modification can lead to IEQ
problems.

Many

times,

the

rooms or places served by a
Figure 9. Heavily contaminated HVAC
system filter (l.) removed from an
Athens, Ohio, student rental property
furnace. The filter is so overloaded the
fibers it is made from are only barely
visible in two places (circled in yellow)
and the rest of the surface is matted
with debris and fine dirt. Compare it
to a new filter shown (r.). A new filter
in this instance costs approximately
$2.00, pointing to neglect rather than
cost as the reason for this occurrence.
Photos by author.

particular HVAC unit will be
remodeled

without

fully

considering ventilation for the
new

client.

Adding

a

food

service space to a library, for
example,
ventilation

without
for

providing
grease

or

cooking odors is certain to
result

in

lingering

smells.

Including arts and crafts in the

renovation of school classrooms will almost certainly bring
complaints of glue and paint odors, unless ventilation is part of the
planning process before the work begins. Simply painting and
refurbishing spaces to renew them can bring complaints of volatile
materials from drapes, adhesives, glues, and sprays.
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One

might

think

that

designing a building from the
ground up would eliminate IEQ
issues, but such is not always
the case. Ducts and pipes are
considered

aesthetically

unpleasing to most designers
and architects, so they often
put such utility openings in
clusters,

in

out-of-the-way

places (recall the air inlets by
loading

docks

mentioned).

previously

Other

times,

mistakes and oversights simply
occur, as in the case of reentrainment.

Re-entrainment

Figure 10. Classic picture showing a
cause of IEQ problems termed
re-entrainment. Laboratory animal
holding area exhaust fan air (round
silver object) was just feet from the
building outside air intake grate.
Office areas of the facility that held no
animals constantly smelled of rodents
for obvious reasons. Photo by author.

happens when contaminated
air is exhausted from a building, only to be brought back in
unintentionally. Figure 10 shows one such example. Re-entrainment
occurs when inlets and outlets are not separated far enough from
each other, when facilities are located in central plant locations
producing mostly odiferous outside air, or when prevailing winds
cause back pressures, resulting in exhaust odors finding a way back
inside a building.

Investigation of IEQ problems
Numerous books and guides have been written for both the
professional hygienist community as well as the lay public about
identifying causes of IEQ. And even though OSHA is not considered
a major provider of IEQ resources, they have created a quite
comprehensive checklist for the occupational hygienist to utilize
in examining AHU and other HVAC issues (Figure 11). Aimed at the
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building maintenance support team, the checklist serves as a helpful
reminder of the many factors discussed in this section that should
be monitored on a routine basis to head off IEQ problems.

Figure 11. OSHA Checklist for IAQ investigations of HVAC units. Source:
OSHA.

Compliance with more prescriptive standards such as ASHRAE 62.1
requires a variety of tools, some very common (e.g., a thermometer)
and others less so. Because relative humidity is an excellent
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measure of internal building moisture, an RH gauge and datalogging
unit is perhaps the most important tool with which to begin an IEQ
study. The contaminated air conditioning coil that caused the rare
book collection mold problems (Figure 3) was elucidated primarily
from initial readings of excessive RH. Datalogging showed elevated
RH was occurring each night in a hot and humid climate (i.e.,
Houston, Texas), from which it was ultimately learned that the HVAC
systems were shut down to save energy.
More

sophisticated

(and

expensive) instruments might
be used by a professional for
assessing the functioning of the
HVAC and AHU. The chapter on
Ventilation

describes

such

devices and their uses in detail,
for assessing parameters such
as

flow

rates,

motor/fan

pressures, and quantities of air
delivered per room. One meter
ideally designed for ASHRAE
62.1 assessment is shown in
Figure 12. The TSI “Q-Trak”™
Figure 12. TSI “Q-Trak” ™ meter
shown as used for determining the
amount of outside fresh air entering
an AHU. Note the buildup of CO2
shown in the air returning to the AHU
from heavily populated student
classrooms, where occupants’ breath
has significantly raised the
concentration of the gas. Photo by the
author.

unit shown can calculate the
amount of fresh air entering a
space by measuring either CO2
levels

or

differentials.

temperature
Used

in

conjunction with building plans
and other data, tools like it are
invaluable for the scientific

evaluation of the adequacy of IAQ relative to standard requirements
like ASHRAE 62.1.
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Specific agents of IEQ concern
No basic hygiene text could be complete without a brief discussion
of some of the traditional “bad actors” related to IAQ. Although
carbon dioxide is frequently measured in IEQ evaluations, only as
a surrogate for fresh air, CO2 itself is not even a moderately toxic
material. Particulates, too, can cause problems when poorly
controlled, as in the case of uncontained drywall sanding taking
place during renovations. But the majority of IEQ issues are best
lumped into the category of chemical agents, as listed in Figure 13.
First among these agents of
special

concern

is

the

carcinogenic radioactive gas,
radon. It can be cause for
concern in homes, because
people spend so many hours
there, and in schools, where a
Figure 13. The “bad actors” of IEQ. Art
materials such as seen on the inset
photo above, in a lithography studio,
expose not only the users but other
building occupants as well to fugitive
emissions. Poor hygiene is a closely
related factor. Photo by the author.

relatively young population is
potentially exposed many hours
each day. Most Americans have
already heard of radon, the
radioactive gas that can cause
lung cancer. The EPA ranks

indoor radon among the most serious environmental health
problems in the U.S. today. After smoking, it is the second leading
cause of lung cancer in the US causing an estimated 21,000 lung
cancer deaths a year.
Radon is a naturally occurring gas that seeps into buildings from
the surrounding soil. In some cases, well water may be a source
of radon. Radon is a colorless, odorless gas and the only way to
discover if high levels of radon are present is through testing. As
a radioactive element, radon releases bursts of ionizing radiation
in the form of alpha particles. An alpha particle consists of two
protons and two neutrons and carries a plus-2 electrical charge (see
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the Radiation chapter). When released near human lung cells, such
energy can damage those cells, potentially resulting in a cancer. An
individual’s risk of getting lung cancer from radon depends mostly
on three factors: the level of radon, the duration of exposure and
their smoking habits. Of these three, the first two are completely
manageable through the traditional occupational hygiene paradigm
of control by administrative, engineering, or personal protective
equipment actions.
What many people may not have heard is that high radon levels
have been found in homes and schools across the U.S. For example,
a nationwide survey in schools estimates that nearly one in five has
at least one schoolroom with a short-term radon level above the
action level concentration of alpha activity, presently 4 picoCuries
per liter (pCi/L), the level at which EPA recommends action be
taken to reduce the level. EPA estimates that more than 70,000
schoolrooms in use today have high short-term radon levels.
We have known for decades of the potential for high indoor radon
levels, and areas at most risk have been mapped accordingly (Figure
14). But it has only been in the last decade that governments have
passed regulations to safeguard citizens from the radon hazard. For
example, radon in homes is now considered a part of real-estate
disclosures at the time of home sales in states such as Minnesota,
and the EPA recommends that all schools nationwide be tested for
radon. To date, approximately 20 percent of the schools nationwide
have done some testing while some states have tested all their
public schools.
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Figure 14. U.S. counties at most risk of indoor radon exposures. Areas in red
are likely to exceed the U.S. EPA recommended maximum concentration of 4
pCi/Liter of air, putting occupants at heightened risk of premature mortality
resulting from lung cancer. Graphic: USEPA.

The remaining five IEQ hazards listed in Figure 13 might be thought
of as decreasing in importance nowadays, largely as the result of
their being relatively annoying (and therefore quickly abated), highly
regulated, or easily detected. For example, the hazards of secondhand cigarette smoke (i.e., exhaled smoke from the smoker) have
been highly publicized and are thought by a majority of persons
to be quite annoying. In response, all 50 U.S. states have enacted
some form of regulation pertaining to where tobacco products may
be used. Presently 28 states have comprehensive bans, and the
other 22 have what the American Lung Association terms “weaker
restrictions” in place. Thus, while cigarette smoking is not
insignificant

among

the

U.S.

population

(14

percent

or

approximately 35 million persons), at least in terms of workplace
exposures it has become much less of an issue than it was in years
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past. The same could be said of asbestos, which has been banned
in most applications in the U.S. since the 1970s. Although it can still
be found, comprehensive regulations pertaining to its status, use,
and removal by licensed and educated abatement firms—operating
under the aegis of a competent occupational hygienist—are in place
and strictly enforced.
The somewhat subjective nature of the agents listed in Figure
13 should be stressed to the reader. It is certainly true that
formaldehyde levels in indoor spaces can be problematic. On the
other hand, notable debacles in the public eye have helped to
sensitize both regulators and the public to such instances. One such
notable event was the provision of emergency housing following
Hurricane Katrina in the Gulf Coast in 2005. To house displaced
persons following extensive flooding around New Orleans, the U.S.
Federal Emergency Management Agency (FEMA) quickly deployed
14,000

basic

Unfortunately,

manufactured
thousands

housing

more

were

units

(i.e.,

needed,

trailers).
so

newly

manufactured units were ordered and put into service. Eventually
it was discovered that high levels of carcinogenic formaldehyde gas
(HCOH) was permeating the indoor air of the trailers and causing
reports of illness. Since that time, and following numerous legal
issues, the hazards of HCOH in IEQ are very much respected, at
least among the hygiene and regulatory communities.
Carbon monoxide (CO) is known as the silent, cold-weather killer
owing to its colorless, odorless, and highly toxic properties. As an
acute respiratory poison, it is blamed for hundreds of fatalities each
year in the U.S. resulting from failed heating units responsible for
generating this waste gas resulting as a by-product of combustion.
From 2010 to 2015, a total of 2,244 deaths resulted from
unintentional CO poisoning, with the highest numbers of deaths
each year occurring in the fall and winter months of October
through February. Carbon monoxide fatalities in occupational
settings are rare, but given the number of fatalities caused by the
gas, it must be considered in any discussion of IEQ hazards.
The final, somewhat “catch all” category of IEQ pollutants
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includes odiferous volatile organic compounds (VOCs). This is an
extremely large universe of materials that have caused IEQ issues
or have the potential to do so. Many materials already mentioned
might be placed into this category, in fact. VOCs are common
chemical contaminants found in office and home environments and
are defined as organic (containing carbon) chemicals that can easily
evaporate into the air.
In most IEQ investigations
involving VOC, building- or
occupant-provided

materials

off-gassing their solvents are
most

frequently

to

blame

(Figure 15). Such common VOC
sources
sealants,
adhesives;

include:

caulks,

and

coatings;

paints,

varnishes

and/or stains; vinyl plastic wall
coverings;

cleaning

Figure 15. Construction or renovation
activities involving off-gassing
products are frequent VOC sources in
IEQ complaints. Photo: USEPA.

agents;

fuels and combustion products re-entrained into the building AHU/
HVAC systems; carpeting and rubber carpeting backer pads; vinyl
flooring products; and fabric upholstery materials and furnishings.
If these and other chemical contaminant sources are not
controlled, indoor environmental quality problems can arise, even
if the building’s ventilation system is properly designed and well
maintained.

Occupants

with

VOC

exposure

often

report

disagreeable odors, exacerbation of asthma, irritation to the eyes,
nose and throat, headaches and drowsiness. Most VOC-related IEQ
issues are addressed by the IH professional based on the inherent
toxic properties of the offending material or generation process. For
short-term problems, engineering controls like HVAC isolation or
employee allowances for working at home are the usual solution.
However, long-term, frequent, or reoccurring matters warrant a
full IEQ investigation to identify and permanently control the VOC
source.
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Chapter summary
Americans spend most of their life in enclosed spaces, so indoor
air quality has taken on significant importance in the ‘20s. The
quality of indoor air inside offices, schools, and other workplaces
is important because it has real health outcomes like headaches,
fatigue, trouble concentrating, and irritation of the eyes, nose,
throat, and lungs. IEQ is determined by many factors, including
lighting, air quality, temperatures, chemical concentrations, and
noise. While research has shown that some respiratory symptoms
and illnesses can be associated with damp buildings and molds, it is
still often unclear which IEQ traits put a worker at risk for disease.
Indoor environments are highly complex, and building occupants
may be exposed to a variety of contaminants. Gases, vapors, and
particles can emanate from a diverse number of sources, often
in complex mixtures. Understanding the sources of indoor
environmental contaminants and controlling them falls to the
occupational hygienist, and his or her expert training and
experience can often help prevent or resolve building-related
worker symptoms.

Questions and problems
1. Who first empirically determined that people living in Western
civilizations spend upwards of 90 percent of their time indoors?
a. Richard Leaky, a noted anthropologist
b. Bernardo Ramazzini
c. Rachael Carson
d. The United States Environmental Protection Agency
2. Longstanding standards from ASHRAE-55 recommend:
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a. Relative humidity < 80%, and temperature at 70 degrees
F (Fahrenheit)
b. Relative humidity < 60%, and temperature at 70 degrees
F
c. Relative humidity < 35%, and temperature at 75 degrees
F
d. Relative humidity < 30%, and temperature at 75 degrees
F
3. The three major categories of contaminant sources to identify
in any competent IAQ investigation include:
a. diesel particulates, carbon monoxide, and oxygen levels
b. diesel particulates, carbon monoxide, and carbon
dioxide levels
c. outside, inside, and lavatory sources
d. outside, inside, and the occupants themselves
4. A common cause of foul odors indoors is:
a. dried out P- or S-traps in bathroom or floor drains
b. re-entrainment of contaminants from loading dock
areas
c. radon gas from basement or concrete slab areas
d. both A and B
5. Although office workers may complain loudly or frequently
about nuisance indoor air quality matters, the fact remains that
there has never been a single death (in a non-factory or nonindustrial setting) due to poor air quality or air pollution.
a. true
b. false
6. Why is second-hand smoke not the IEQ issue in the ‘20s that it
was at the turn of the last century?
7. Define what is meant by VOC.
8. Approximately how many Americans die from CO2 each year,
and how many die from CO?
9. Explain why the USEPA is concerned about the presence of
radon gas in IEQ situations.
10. What is a FEMA trailer?
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6. Radiation
Learning objectives and terms

Be able to identify the major hazards associated with
both ionizing and non-ionizing radiation.
Explain the relationship and meaning of atomic number
and atomic mass, and be able to state the atomic number
for any element given access to a periodic table.
Know the mechanism of decay related to alpha, beta, and
X or gamma radiation.
Explain the concept of half-life.
Identify an appropriate means of radiation detection for a
general application or situation.
List ways in which time, distance, and shielding can act as
controls for radiation exposure.
Describe one or more infamous events related to
radiation exposures in the last 125 years.

•

Activity

•

Becquerel

•

Curie
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•

Decay Constant, Lambda, λ

•

Dose

•

Glassblower’s Cataract

•

Half-life

•

Ionization

•

NORM

•

RAM

•

REM

•

Welder’s Flash

Introduction
Of all the workplace hazards that an OH is asked to evaluate, those
in the category of radiation might be among the most difficult.
Radiation is seldom sensed—it has no taste, odor, and in most cases
is invisible—and therefore has limited or non-existent warning
properties. Detection of it is limited to quite sophisticated physical
equipment that might be a challenge even for the IH and his or
her employees to fully understand and use correctly. Except in
specialized industries or applications, radiation hazards are mostly
only rarely encountered, making this perhaps the least common and
poorly understood of all workplace hazard categories. So what is
radiation?
A physicist might say that radiation is energy that comes from a
source and travels through space at the speed of light. This energy
has an electric field and a magnetic field associated with it and has
wave-like properties. You could also call radiation “electromagnetic
waves”, describing such radiation in usual wave phenomena terms
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of wavelength and frequency. When discussed in this manner it is
referred to as the electromagnetic spectrum (Figure 1).

Figure 1. Radiation types and descriptions. Source: Lawrence Berkley
Laboratory.

There is a wide range to the electromagnetic spectrum in nature.
Visible light is one example, and radiation with the highest
frequency (and energy) includes forms like ultraviolet radiation, Xrays, and gamma rays. X-rays and gamma rays have so much energy
that when they interact with atoms, they can remove electrons and
cause the atom to become ionized, presenting one of their most
unique hazards.
In the health and safety
profession, the energies on the
spectrum are often divided into
two major groupings: ionizing
and non-ionizing. As can be
seen in Figure 2, most common
fears
Figure 2. The safety profession’s
breakdown of radiation hazard effects.

and

concerns

radiation

are

ionizing

variety

due

with

to

the

where

the

effects are the most severe.
Serious, even life-threatening,
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outcomes can result from non-ionizing radiation as well, but
controls, sensing, and recognition of those hazards are quite
appreciated by the typical employee.
The most common form of radiation we are all familiar with is
visible light. Light is energy that originates from a source and travels
through

space

at

the

speed

of

…

light!

It

has

a

particular wavelength and frequency that defines its energy. We
can detect this radiation with our eyes. The only difference between
the various colors of light, red, yellow, green, blue, and purple, is in
their wavelength or frequency, or in other words in their energy.
There is a wide range of electromagnetic radiation in nature. The
visible part of the spectrum is only a tiny part of this range of
energies. As we move down in frequency from red light, there are
other familiar forms of electromagnetic radiation, including infrared
(think food warming lights at the diner), microwaves, and cell phone
and radio waves. These are all forms of radiation that are invisible
to our eyes and have less energy than visible light, but that doesn’t
mean they are without safety concerns.

Effects of radiation
Occupationally, non-ionizing hazards tend to be centered on skin
and thermal effects (Figure 3). Taking the eyes as a special case of
the skin, physical effects to the outer surface of the eyes have traderelated common
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names
Flash”

such

as

or

“Glassblower’s

Cataract.”

Among

transmission

“Welder’s
power
workers,

extremely low frequency (ELF)
radiation has at times been
worrisome, but thus far adverse
effects

from

it

remain

unproven. The same can be said
for communications workers

Figure 3. Selected non-ionizing
radiation hazards.

servicing high power cellular
phone transmitters and tower facilities. Most outdoor professions
like commercial fishermen, foresters, farmers, and the like are
routinely exposed to UV hazards from the sun.
As we move up in frequency from light, we cross into the ionizing
radiation realm. Here, X-rays and gamma rays are found, as well as
radiation hazards from sub-atomic particles. These are all forms of
radiation with energies much higher than visible or even UV light.
X-rays and gamma rays have enough energy that during interaction
with atoms, they can remove electrons and cause the atom to
become charged or ionized. That’s why we refer to these as ionizing
radiation.
When a layperson talks about radiation, they are most likely
referring to ionizing radiation. A very familiar example of ionizing
radiation is that of X-rays, which can penetrate our body and reveal
pictures of our bones. We say that X-rays are “ionizing,” meaning
that they have the unique capability to remove electrons from atoms
and molecules in the matter through which they pass.

Molecular ionization and damage
Intense exposures to ionizing radiation may produce gross skin or
tissue damage as seen following historically significant events like
bomb drops and reactor breaches. But these are rare, fortunately,
and ionizing activity at the cellular level is much more common
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and of concern. This is because such radiation can alter molecules
within the cells of our body, killing them outright or damaging them
to the extent they may remain viable, mutate, and cause eventual
harm (such as tumors or cancer).
Ionizing radiation causes ionizations. Depending upon the
location of each such ionization, it might be irrelevant, detrimental,
or even beneficial. Using a radioactive level gauge in industry can
help assure facility safety, preventing tank over filling, for example.
And ionizations of air, such as those in an office laser printer to
generate low concentrations of ozone (O3), are generally considered
innocuous (some persons believe O3 is beneficial and run home air
filtration units called “ozonators” to supposedly destroy indoor air
contaminants). But when an ionization occurs in intimate contact
with a human cell or constituent, problems may ensue.
The

human

body

is

constituted mainly of water
molecules, so the interaction of
an

H 20

molecule

with

an

ionizing event is illustrative of
how that event can cause
damage. This mechanism of
damage can be broken into
Figure 4. In Step 1, ionizing radiation
(represented as X, α, β, γ) breaks an
H2O molecule into two charged
(ionized) species. These in turn, Step 2,
interact with adjacent cellular
molecules. H2O molecules are used in
the illustration, since they are so
prevalent and therefore likely to be
involved). In Step 3, charged chemical
species go on to react with each other,
in this case forming the highly
chemically reactive and toxic hydrogen
peroxide, H2O2. Adapted from Martin
and Harbison.

three

parts:

interaction,

the
the

physical
physical

chemistry stage, and the final
chemical-chemical interaction
stage.

An

example

of

one

pathway of ionizing radiation
damage is shown in Figure 4.
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Radioactive materials (RAM)
In addition to the X-rays mentioned earlier, more examples of
ionizing radiation include alpha and beta particles and gamma rays
(α, β, γ, respectively). These originate from radioactive decay.
Radioactive elements consist of atoms made up of unstable blends
of protons and neutrons. Radioactivity is the spontaneous release
of energy from an unstable atom to get to a more stable state, with
the energy that comes out as ionizing radiation (X, α, β, γ) being a
product of this event.
The periodic table of the elements represents the scientific
organization of all known elements, placed according to various
properties of the atoms making up the elements. Recall from
chemistry that the Bohr atomic model is represented by a nucleus
of protons (p+ particles) and neutrons (n, no charge particles)
surrounded by a cloud of negatively charged electrons (e-). In the
periodic table, the atomic number is the count of protons in a
specifically named element (“symbol”), while the mass number is the
atomic mass of the element relative to the most prevalent form of
carbon, C-12. See Figures 5 and 6.
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By reading the periodic table,
it is possible to know whether
an atom of any specific element
will have the propensity to
spontaneously
radioactive
considered

undergo

decay,
as

thus

be

radioactive

material (RAM), and in turn be a
safety

concern

for

the

hygienist. RAM materials are
also

referred

to

as

radionuclides or radioisotopes,
the latter term having a more
specific
radioisotope,

application.
or

simply

A
an

Figure 5. Notation for elements named
in the periodic table. The atomic mass
number, AMU, is shown as a
superscript while the atomic number
(the number of protons) is denoted by
the subscript. Each element
constituted by a specific number of
protons is given a unique Symbol. In
the inset here, Helium is shown.

isotope, describes one or more forms of the same element (i.e.,
equal proton number, same name, same chemical reactivity) with
different numbers of neutrons. Hence, an isotope of a particular
element will have a different atomic mass and different radioactive
properties, notably half-life (discussed later).
At this point, we know that
radioactive atoms can give off
four well recognized types of
ionizing

radiation:

alpha

particles, beta particles, gamma
rays, and X-rays (X, α, β, γ).
Other types exist but are not
considered here. Radioactive
Figure 6. Periodic table of the elements
(excerpt). The top left portion of the
table is represented. Note the key to
the table circled in red. Since all
known elements are included on the
full table, along with other resources it
can be used by the OH as a guide to
radioactive propensity of elements in
the workplace.

decay
unstable

happens

when

an

atom

gives

off

radiation and changes into a
more stable atom of a different
element.

These

transformations are described
by nuclear reaction equations,
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the general forms of which follow for the most typically
encountered in radiation protection: α, β, and γ.
Alpha particles (α++) are bad
news. They are heavy and
highly charged, leaving much
ionization (i.e., damage) in their
wake. While they cannot even
pass through a thin sheet of
paper outside of the body, if
inhaled or occurring inside the
body in close contact with cells
or

cells’

constituents,

their

ionizing effects can be lethal.
Infamous
radon-222,

α-emitters

include

radium-226,

and

Figure 7. Alpha decay occurs when the
nucleus of He decays off the parent
element, taking with it 2 protons and 2
neutrons. The resulting element has 2
fewer protons, with an AMU that is 4
less as seen in the example of
polonium-218 decay.

polonium-210 (Figure 7). Safely
used, α-emitters can have lifesaving uses in applications like home
some detectors (americium-241).
Alpha particles have been notorious for their lethality for over
100 years. Radium-88, discovered by Marie and Pierre Curie in 1898,
is an α-emitter thought to have caused her death in 1934. In the
early 1900s, the “Radium Girls” story broke, a tale of capricious
managerial actions causing unwittingly high exposures to radium by
young women employed to paint aircraft dials with radium “glow
in the dark” paint (Figure 8). As recently as 2006, weaponized
polonioum-210 was found to have been used to murder former
Russian spy Alexander Litvinenko while dining in a London
restaurant. An additional 700 persons were affected by this
presumed KGB action.
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Unlike α-emitters, RAM that
decays

by

giving

off

beta

particles (so-called β-emitters)
creates radiation that is a
hazard outside of the body in
addition

to

constituting

an

internal hazard. This is because
β- particles are highly energetic
Figure 8. Circa 1910. United States
Radium Corporation employees at
work painting watch, instrument, and
aircraft dials with self-luminous paint
made with radium-226. At least 5
deaths were proved to be attributable
to this practice. Public domain photo
via Wikimedia commons.

but have almost no mass (e.g.,
AMU of a β- is less than 1/7,000
that of an α++ particle), so they
travel quickly and can avoid
interactions

with

many

shielding materials. Beta decay
occurs when a neutron within

the parent atom spontaneously emits its negative charge (see Figure
9). That emission is in the form of the β- particle, leaving behind a
proton in its place (i.e., n à p+ and β-). The opposite direction
reaction, the conversion of a p+ to a neutron, is described as
positron decay; it is rarely encountered in most occupation settings
and will not be considered further here. Notable β-emitters in
industry include strontium-90, used to manufacture small package
nuclear generators, tritium (i.e. Helium-3), used in biomedical
research along with carbon-14, and phosphorus-32.
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It should be appreciated that
the single nuclear reactions
described here might not take
place

exclusively

with

an

element. In other words, one
reaction

type

may

follow

another,

sometimes

within

fractions

of

a

second.

For

example, radium-226 decays by
emitting an alpha particle in 93
percent of its reactions but in
the other 7 percent of events,
the nucleus very rapidly gets

Figure 9. Beta decay, in which a
neutron “becomes” a proton, changing
the chemical nature of the element.
Note in the example that thorium
undergoes β- decay and becomes the
chemical distinct element
protactinium.

rid of its excess of energy by
emitting a gamma ray (discussed next).
X-rays and gamma rays (γ) are considered essentially equivalent
hazards by the OH who specializes in radiation protection
(sometimes referred to as a health physicist, or HP). This is because
the types of ionization produced are essentially identical except for
their location of origin. X-rays result when an electron in the shell of
an atom drops into a position of lower energy, giving up that energy
in the form of the X-ray. Gamma rays are ejected from the nucleus
of an atom following a radioactive decay event (Figure 10). Both Xand γ rays are mass-less high frequency photons emanating on the
far right of the electromagnetic spectrum. Because they are quite
difficult to stop, their uses include penetrating applications such as
medical and industrial imaging (X-rays of bones and metal welds)
and radiotherapy and sterilization (γ emitters). In very general
terms, the hazards of γ and β- emitters are somewhat similar and
lower than those of the heavy, doubly charged α++ particle.
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Activity
The measure of how many α, β,
γ, X events occur over time (i.e.,
the

number

of

radioactive

decays) is called activity. It can
be expressed in two ways: the
Figure 10. Nucleus “resettling” of
niobium and technetium both result in
γ-ray emission.

historical units of Curies, and
the system international (SI)
units of Becquerels. One Curie

is the number of radioactive decays per minute seen with 1 gram of
pure radium and is a very large amount (2.22 x 1012 disintegrations
per

minute!).

One

Becquerel

was

simply

defined

as

one

disintegration per second and is therefore quite a small amount.
Curies are abbreviated as Ci and Becquerels as Bq. Hereafter in this
book we will only use the traditional Ci measure, as it is frequently
encountered in the U.S.
To appreciate activity better, consider this analogy. Two kids have
firecrackers for the July 4 holiday. The boy has a pack of 100 “Black
Cat” crackers, and the girl has the same brand but in a pack of 500.
The boy tosses his pack in a fire. They ignite at slightly different
times, but all go off in about one minute, giving an activity rate of
100 crackers per minute (let’s define a made-up rate measure as
“Ck” for one cracker burst per minute). So his rate was 100 Ck. Not
to be outdone, the girl says, “That’s nothin’! Watch this!” and she
tosses her pack into the flames. Again, all of the firecrackers ignite
within a one-minute period. So the activity for her pack was 500
Ck. The energy from each individual firecracker—his or hers—was
the same, but the total energy released by her pack was five times
higher because the activity from her pack was 500 Ck versus 100
Ck. Restated, if we considered the firecrackers to be the same
radioisotope, we might say that her pack had an activity of 500 Ck
and his was only 100 Ck.
As we’ve seen, radioactive decay happens when an unstable atom
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gives off radiation and changes into a more stable atom of a
different element. This rate of decay is a distinctive property of each
isotope of a given element, termed lambda (λ, the radioactive decay
constant). The length of time it takes for half of the radioactive
atoms in a group of radioactive isotopes to decay is called a half-life
(T1/2). If you had 100 units of RAM on day zero, and the half-life of
that isotope was two days, then on day two you would have only half
of the original amount, or 50 units. By another two days, at day four,
you would have half again as much, or 25 units.
RAM decay is an exponential process, described mathematically
as shown in Figure 11. In that equation, the inherent half-life and rate
of decay for the isotope is considered in the term λ. As can be seen
in the figure, the relationship between T1/2 and λ is λ=.693 ÷ T1/2.
Thus, whenever the half-life of a material is known, λ can be used in
the equation to precisely state the activity of a material at a given
time.
The

idea

of

activity

is

important to radiation safety
because it is used to measure or
estimate the amount of energy
released from a given material.
Briefly,

the

activity

of

the

source material multiplied by
the
Figure 11. The expression of radioactive
decay mathematically. Because a Ci
represents such a large number of
disintegrations per minute, most
applications in occupational hygiene
entail milli- or even micro-Curie
amounts of activity.

energy

from

each

disintegration gives a measure
of the total amount of energy
emitted

by

the

hazard,

expressed in units called REM.
By taking into account the
human tissue exposed to that

energy, as well as other factors like the geometry of the exposure,
an estimate of the dose (i.e., hazard) to the exposed worker can be
made. Activity of waste materials is used to estimate when a
radioactive material is no longer legally considered hazardous
enough to warrant special handling or disposal.
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Radiation sources and exposures
Radiation exposure is ubiquitous, constant, and ongoing, coming
from both natural and man-made sources. With the exception of
radon, ionizing radiation that comes from natural sources is
typically at low levels that vary with location, altitude, and type
of building materials used in home construction. Medical uses
constitute the largest typical exposures in the man-made category.
The

percentage

average

annual

of

exposure

contributed

the

radiation
by

a

variety of sources is illustrated
in Figure 12. The total is about
360 millirems, or mrem. (REMs
Figure 12. Average annual exposure to
ionizing radiation in U.S.

are the units of dose utilized in
many

U.S.

radiation

assessments but will not be

discussed further.) The values given in Figure 12 are averages for the
U.S., so actual values vary depending on where people live and how
they spend their time.

Natural radiation
Naturally occurring radioactive materials (NORM) are common in
the environment and in the human body. These materials are
continuously emitting ionizing radiation. Ionizing radiation from
outer space (cosmic radiation) bombards the earth constantly. The
ionizing radiation from these and similar natural sources is
considered background radiation by OH professionals.
Internal radiation comes from radioactive materials that occur
naturally in the human body. Isotopes of potassium and carbon are
the primary sources of internal radiation exposures. Potassium is an
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essential mineral for life. The potassium-40 isotope (0.01 percent of
all potassium) is naturally radioactive. Carbon makes up about 23
percent, by weight, of the human body. Cosmic radiation creates
radioactive carbon-14, which is an even smaller percentage of all
carbon. Potassium and carbon enter the body through the food
chain, and the average American receives a dose of about 40 mrem
per year from internal radiation.
As the earth moves through space, it is bombarded by highenergy particles and gamma rays, which add to the background
radiation. The earth’s atmosphere acts as a shield, absorbing much
of the energy from cosmic radiation. People who live close to sea
level are protected by a thicker blanket of atmosphere than those
who live at high elevations and thus have a lower exposure to
cosmic radiation. For example, the exposure to cosmic radiation is
about twice as high in Denver as it is in Atlantic City.
Terrestrial sources include naturally occurring radioactive
materials that exist in rocks and soil. The main contributors are the
radioactive isotopes that are products of the decay of uranium and
thorium, especially radon, discussed in detail later, as well as in the
chapter on IEQ. Radon is a natural radioactive gas found in rock
formations that can release higher levels of radiation that can pose
health risks. It is the second leading cause of lung cancer in the
United States. The average American receives about 28 mrem per
year from terrestrial sources.

Man-made radiation
Anthropogenic sources of radiation are less common but more
important occupationally. Human activities, such as making medical
X-rays, generating electricity from nuclear power, testing nuclear
weapons, and producing a variety of common products such as
smoke detectors which contain radioactive materials, can cause
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additional exposure to ionizing radiation to workers in such
industries.
The largest source of medical exposure, when averaged over all
individuals, is from diagnostic X-rays. Other sources are lumped
into the category of nuclear medicine, including CAT scans. These
include diagnostic procedures that use nuclear tracers. Tracers are
very small amounts of radioactive materials put into the blood
stream, and their progress through the body is monitored with
a radiation detector. Blocked or restricted blood vessels can be
identified, as can developing tumors. Nuclear medicine also
includes treatment of disease. Some examples are cobalt-60
irradiation for the treatment of cancers, or the injection of
radioactive iodine which concentrates in the thyroid for treatment
of Graves’ disease. Magnetic Resonance Imaging (MRIs) and
ultrasound technology are examples of diagnostic exams that do
not involve exposure to ionizing radiation. The annual dose for the
average American is about 53 mrem from medical sources.
Radiation is used in the manufacturing of many consumer
products. It is used to sterilize products such as cosmetics and
medical supplies and for shrink-wrap packaging. It can be used
to determine the thickness of materials, how full cans are before
sealing them, and the quality of welds in structures such as bridges
and buildings. This use of radiation can expose workers to a greater
or lesser extent. Radioactive materials also are used in many
consumer products. The most common of these is some smoke
detectors which use radioactive americium-241 to detect smoke
particles in the air.

Radon
The largest natural source of ionizing radiation exposure to humans
is radon gas. In fact, the average American receives about 200
millirem per year from radon or about two-thirds of their total
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average exposure of 360 mrem. Radon is a natural radioactive gas
without odor, color, or taste and cannot be detected without special
equipment. While radon gas has always been in the environment,
awareness of its contribution to human radiation exposure has
increased in recent years as its detection became available.
Radon’s primary pathway is through air space in soil and rock.
Pressure differences between the soil and the inside of buildings
may cause radon gas to move indoors. Radon concentrations can
vary depending on the soil and rock composition beneath buildings.
Granite and volcanic soils, as well as aluminous shales, are more
likely to contain radon because they may contain higher than
average amounts of uranium, which decays to radon. Conversely,
low concentrations of this gas are expected in sedimentary rocks
and clays. Radon can also be found in drinking water.
Radon occurs as a product of
uranium-238 and thorium-232
decay as detailed in Figure 13.
Radon

is

an

unstable

radionuclide that disintegrates
through

short

products

lived

(called

decay
radon

daughters or radon progeny)
Figure 13. Radon daughters in the
thorium decay chain. Note that when
solid radium-224 emits its α++ particle,
gaseous radon-220 is generated, and
that gas is readily able to diffuse about
in confined spaces like home
basements, tunnels, and underground
mines.

before eventually reaching the
end product of stable lead.
Radon and its daughters emit
highly ionizing alpha-radiation
(previously

discussed).

Such

decay products are suspended
in the air which we breathe.

Although the risk is very low when radon is diluted to extremely low
concentrations in the open, radon in room air typically contributes
up to 50 percent to the background radiation detectable there.
Occupationally, in places such as caves and mines, radon can
accumulate to dangerous concentrations if ventilation is absent or
inadequate and may cause substantial health damage after long128 | Radiation

term exposure. Thus tunnelers, miners, and other underground
workers, such as sickly little mole people have traditionally seen
elevated risks of lung cancer owing to radon exposures.

Radiation detection

Each type of radiation described thus far has different
properties that affect how we can detect it. Although
many radioactive materials are silver-colored, metallic
solids in their pure state, they are physically
indistinguishable from nonradioactive metals. In
addition, as stated early on in this chapter ionizing
radiation is not detectable by one’s senses: It cannot be
seen, heard, smelled, tasted, or felt. For these reasons,
simple visual inspection is insufficient to identify
radioactive materials, and radiation sources can be
virtually impossible to recognize without special
markings.
To address these problems, hygienists employ the
following four major types of instruments to detect,
identify, and safeguard against radioactive materials and
ionizing radiation. These are personal radiation
detectors (PRDs), survey meters, radiation isotope
identification devices (RIID), and radiation portal
monitors (RPMs).
A PRD is a wearable gamma and/or neutron radiation
detector, approximately the size of a cellular phone.
When exposed to elevated radiation levels, the device
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alarms with flashing lights, tones, and/or vibrations.
Most PRDs numerically display the detected radiation
intensity (on a scale of 0 to 9) and thus can be used to
locate a radiation source; however, they typically are not
as sensitive as handheld survey meters and cannot
identify the type of radioactive source. PRDs are most
useful in situations where personnel might be accidently
or unknowingly exposed to elevated radiation and would
benefit by immediately learning that exposure is taking
place.
As the name implies, the survey meter (Figure 14) is a
handheld radiation detector, which typically measures
the amount of radiation present and provides this
information on a numerical display in units of counts
per minute, counts per second, or microroentgen (µR)
or microrem (µrem) per hour. Most of these devices
detect beta and gamma radiation only but some models
can detect alpha, beta, gamma, and/or neutron
radiation emitted from radioactive materials. The Geiger
counter so often seen in older sci-fi movies is a specific
type of survey meter most useful for detecting
radioactive fallout after a nuclear event.
A radiation isotope identification device (RIID) is a
radiation detector with the ability to analyze the energy
spectrum of radiation, in order to identify the specific
radioactive material (radionuclide) that is emitting the
radiation. In addition, these devices can be used as
survey instruments to locate radioactive material.
An RPM is a large pass-through radiation monitor (or
“portal”) for personnel, vehicles, container boxes, or
trains. Typically, these devices consist of two pillars

130 | Radiation

containing radiation detectors, which are remotely
monitored from a display panel. These monitors alarm
to indicate the presence of radioactive materials,
including low-radiation materials like uranium.
Information from U.S. Nuclear Regulatory Commission.

A sub-category of the PRD is
called a TLD, an acronym for
thermal luminescent detector
radiation

dosimeter.

These

were formerly known as a “film
badge” from the days when film
fogging was employed inside
Figure 14. Portable radiation survey
meter. The ionization detector part of
this device is located at the end of the
black coiled cord (off camera).

them and may still be called
that by some workers. The TLD
is a cumulative dose device that
uses a crystalline material and

various types of shielding to both quantitate and qualify how much
and what category, respectively, of a type of radiation an employee
is exposed to over a period of time. In typically low dose settings like
doctors’ offices or production environments, dosimeters are usually
read each quarter of the calendar year. As such they constitute a
legal record of the employee’s radiation exposure and are therefore
used by the IH/HP to gauge compliance with applicable regulations
pertaining to radiation exposure in the workplace. Unlike the PRD
per se, TLDs do not alarm or provide any immediate visual or
auditory feedback to the wearer in the case of an over exposure.
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Legal standards and controls
The Nuclear Regulatory Commission (NRC) regulates possession
and exposure to radioactive materials in the U.S. This includes
source material (uranium and thorium), special nuclear material
(enriched uranium and plutonium), by-product material (e.g.,
material made radioactive in a reactor and residue from the millings
of uranium and thorium), accelerator produced radioactive
materials, and discrete sources of radium.
Under NRC rules, only certain persons or entities may possess
RAM or radiation producing devices. All such units are licensed by
the NRC, including the home fire detector using americium-241.
In the case of low hazard devices like smoke detectors, a General
NRC license is provided at the time of purchase. For most other
RAM uses, a Specific license (e.g., Dr. Floogle practicing in the
radiotherapy unit of a named hospital) or Broadscope license (e.g.,
Ohio University) is written by the NRC for the authorized RAM user.
Workers exposed to RAM in
U.S. industries are limited by
NRC regulations to an annual
exposure maximum of five rem
(5,000 mrem) or 1,250 mrem
per quarter of a year. Under the
paradigm of radiation safety, all
exposures are to be held to
Figure 15. OH administrative,
engineering, and personal protective
equipment controls are implicit in the
radiation-specific control scheme.

levels “As Low As Reasonably
Achievable” or ALARA. Specific
exposure limits like activity,
dose,

and

time

are

also

applicable, but ALARA is the umbrella concept dictating where and
when safeguards are to be implemented. Such control practices are
most often placed into the categories shown in Figure 15. The usual
IH approach of controls through administrative, engineering, and
personal protective equipment is also part of radiation safety, as
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evidenced by the example of the radiation trefoil sign shown in that
figure.
OSHA also plays a role in radiation regulation and requires
employers to protect workers from exposure to ionizing radiation
sources that are not regulated by the NRC or other federal agencies.
This includes items such as X-ray equipment, some accelerators,
incidental

accelerator-produced

radioactive

materials,

ion

implanters, and some naturally occurring radioactive material
(NORM).
Finally, some states can regulate occupational exposure to
ionizing radiation. Where approved by the NRC, Agreement States
regulate occupational exposure to radioactive materials within their
borders. These states may also regulate occupational exposure to
radiation sources that NRC does not, including radiation-producing
machines (e.g., X-ray machines, particle accelerators) and NORM. In
Ohio, for example, the licensing and regulation of doctor and dentist
office X-ray devices is overseen by the Bureau of Environmental
Health and Radiation Protection housed in the Ohio Department of
Health.

Questions and problems
1. What is the atomic makeup of the alpha particle, and what is its
charge?
2. List the three essential control techniques for ionizing radiation
hazards.
3. List four broad categories of ionizing radiation exposure and
provide an example of at least one of each.
4. Describe three sources of non-ionizing radiation, state at least
one industry, occupation, or profession where exposures to that
source can occur, and explain a suitable or common control for each
of the three sources.
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5. True or false: Most ionizing radiation exposures result from
nuclear power plant discharges.
6. What is the second stage of damage by ionizing radiation called,
and what essential reactions take place in it?
7. What type of radiation particle is responsible for the hazards
caused by exposure to Radon?
8. Cellphones, walkie-talkies, CB radios, microwave ovens, heat
lamps, and police radar are all examples of what broad category of
radiation?
9. What is the acronym for the federal agency of the U.S. that is
responsible for the licensing and use of most radioactive materials
in commerce?
10. If the half-life of a radioisotope is 3.5 years, and a business
has 100 Curies of the material, in how many years will the company
possess only 12.5 Curies of the RAM?
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7. Personal Protective
Equipment
Learning objectives and terms

Be able to state when PPE is the most likely choice for
workplace safety provision.
Describe respirator types by air provision, protection
factor, and limitations.
List the key elements of an OSHA-compliant respiratory
protection program.
Understand the types of PPE.
Understand what kind of training is needed in the proper
use and care of PPE.

Terms
•

Air Purifying Respirator

•

Grade D Breathing Air

•

Half- and Full-face Respirators

•

HEPA Filter

•

JHA
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•

N, P, R Respirator Types

•

PFT

•

Protection Factor

•

Qualitative and Quantitative Fit Testing

•

Supplied Air

Introduction
Hazards exist in every workplace in many different forms: sharp
edges, falling objects, flying sparks, chemicals, noise, and a myriad
of other potentially dangerous situations. The Occupational Safety
and Health Administration (OSHA) requires that employers protect
their employees from workplace hazards that can cause injury.
Controlling a hazard at its source is the best way to protect
employees. Depending on the hazard or workplace conditions,
OSHA recommends the use of engineering or work practice
controls to manage or eliminate hazards to the greatest extent
possible. For example, building a barrier between the hazard and
the employees is an engineering control; changing the way in which
employees perform their work is a work practice control. When
engineering, work practice, and administrative controls are not
feasible or do not provide sufficient protection, employers must
provide personal protective equipment (PPE) to their employees and
ensure its use.
Personal protective equipment is equipment worn to minimize
exposure to a variety of hazards. Examples of PPE include such
items as gloves, foot and eye protection, protective hearing devices
(earplugs, muffs) hard hats, respirators, and full body suits. Because
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this text is focused on OH issues, it will focus heavily on the last of
these, respiratory protection.

General requirements for PPE
To ensure the greatest possible protection for employees in the
workplace, the cooperative efforts of both employers and
employees will help in establishing and maintaining a safe and
healthful work environment. In general, employers are responsible
for making the workplace as safe as possible (Figure 1) by meeting
four very broad PPE requirements:
• Performing a “hazard assessment” of the workplace to identify
and control physical and health hazards.
• Identifying and providing appropriate PPE for employees.
• Training employees in the use and care of the PPE.
• Maintaining PPE, including replacing worn or damaged PPE.
• Periodically reviewing, updating, and evaluating the
effectiveness of the PPE program.
Before PPE can be used to
control a workplace hazard, Job
Hazard

Analysis

(JHA)

is

required. JHA is the first critical
step

in

developing

comprehensive

safety

a
and

health program and is done to
identify physical and health
Figure 1. General principles for the
effective use of PPE in work
environments.

hazards
Potential

in

the

hazards

workplace.
may

be

physical or health-related, and

a comprehensive hazard assessment should identify hazards in both
categories. Most workplace hazard categories to consider, defined
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as radiation, chemical, biological, or physical, were covered
previously in the chapter on the Professions of Occupational Health
and Safety. The hazard assessment should begin with a walkthrough
survey of the facility to develop a list of potential hazards in these
four basic categories. In addition to noting the basic layout of the
facility and reviewing any history of occupational illnesses or
injuries, things to look for during the walkthrough survey include:
• Sources of electricity
• Sources of motion, such as machines or processes where
movement may exist that could result in an impact between
personnel and equipment
• Sources of high temperatures that could result in burns, eye
injuries, or fire
• Types of chemicals used in the workplace
• Sources of harmful dusts
• Sources of light radiation, including welding, brazing, cutting,
furnaces, and heat treating
• The potential for falling or dropping objects
• Sharp objects that could poke, cut, stab, or puncture
• Biologic hazards such as blood or other potentially infected
material
When the walkthrough is complete, the employer should organize
and analyze the data so that it may be efficiently used in
determining the proper types of PPE required at the worksite. The
OH/IH professional will normally be quite aware of the different
types of PPE available and the levels of protection offered.
Documentation of the hazard assessment is required through a
written certification that includes the workplace evaluated, person
conducting the assessment, date of the assessment, and a document
certifying completion of the hazard assessment.
The workplace should be periodically reassessed for any changes
in conditions, equipment, or operating procedures that could affect
occupational hazards. This periodic reassessment should also
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include a review of injury and illness records to spot any trends
or areas of concern and recommend appropriate corrective action.
The suitability of existing PPE, including an evaluation of its
condition and age, should be included in the reassessment.
Only after such a rigorous hazard assessment should the OH
engage in addressing workplace controls. The time-honored
medical advice to “first do no harm” should be heeded with PPE as
well. Failure to do so could result in unintended consequences. For
example, putting an employee into a heavy, constricting bottled air
respirator might remove her risks from a workplace chemical, but
if her overall health is compromised, that safety device will actually
increase her risks of cardiac and pulmonary stress.
Specific requirements for PPE are presented in many different
OSHA standards, published in 29 CFR 1910
(Figure 2). Some standards
require that employers provide
PPE at no cost to the employee
while others simply state that
the employer must provide
PPE.

In

a

final

rule

on

employer-paid PPE published
by OSHA in 2007, with only a
Figure 2. PPE available can be
described by body part at risk or by the
hazard category presented in the
workplace.

few exceptions, all PPE must be
provided at no cost to the
employee. Essentially any part
of the human body that has

come to be injured on a routine basis in the course of human
production endeavors is subject to OSHA provisions. These rules are
listed by body part affected and include protection for eyes, face,
head, foot, leg, hand, arm, full body, and ears. In other instances,
PPE may be specified by hazard type, as in the case of UV, laser,
chemical, electrical, or respiratory risks. It is the last of these that
the remainder of this chapter will deal with: OSHA respiratory
protection.
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Respiratory protection
Respiratory protection is one of the most important employee
safety functions performed by the OH because a failure to correctly
specify, provide, and monitor its use could result in serious
employee harm or death. Whether it be a long-term outcome such
as cancer, one of the occupational diseases discussed earlier, or
immediate death from asphyxiation or poisoning, failure of PPE can
immediately put the worker “in harm’s way.” For the gravity of this
responsibility, the OSHA standard for respiratory protection is quite
relevant. In its first sections, it states:

“In the control of those occupational diseases caused
by breathing air contaminated with harmful dusts, fogs,
fumes, mists, gases, smokes, sprays, or vapors, the
primary objective shall be to prevent atmospheric
contamination. This shall be accomplished as far as
feasible by accepted engineering control measures (for
example, enclosure or confinement of the operation,
general and local ventilation, and substitution of less
toxic materials). When effective engineering controls
are not feasible, or while they are being instituted,
appropriate respirators shall be used pursuant to this
section.”

In the IH paradigm of controls, as well as in the OSHA regulation just
cited, both administrative and engineering practices are preferred.
Respirators are the last resort, but this doesn’t imply they are only
infrequently used. In fact, just the opposite is true in many, many
situations. Figure 3 lists the four major instances where a respirator
might be employed.
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Oxygen deficiency is any atmosphere around an employee that
has less than 19.5 percent oxygen (normal is 20.9 percent). Burning
buildings, heavily rusted tank interiors, and places where oxygen is
consumed by biological processes (e.g., swine confinement facilities
on farms) are examples. Whenever an OSHA OEL is exceeded on a
time-weighted basis, a respirator is required unless the alternative
measures cited above are possible. For example, if the permissible
exposure to iso-octane is 500 ppm but OH monitored levels are
800-1,000 ppm, workers in that environment will require a
respirator for gas/vapor contaminants. The same reasoning
pertains to particulate contaminants.
The definition of IDLH is “Immediately Dangerous to Life or
Health,” defined by OSHA as “…an atmosphere that
poses an immediate threat to
life, would cause irreversible
adverse health effects, or would
impair an individual’s ability to
escape

from

a

dangerous

atmosphere.” IDLH conditions
are further defined as shown in
Figure 3. A concentration is
normally considered a health
hazard when it is above the
OEL, where it might cause

Figure 3. The four major categories of
hazard for which respiratory
protection might be specified. See the
text for a further definition of IDLH.

acute toxicity or long-term
effects such as cancer. Health hazards are typically encountered in
the low ppm to high ppm concentration ranges.
But when a concentration climbs to values in the flammable or
explosive range of the material, it is further defined as a Life or
Safety hazard. Life hazard concentrations are often two to three
orders of magnitude higher than health hazards. For example, the
lowest level at which iso-octane can burn in air is 0.79 percent.
Since 10,000 ppm is equivalent to 1 percent, this is a concentration
of 7,900 ppm, or about 15 times higher than the health hazard level.
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Respirator types
One dichotomy for describing respirators is where the air comes
from. If the unit employs compressed air from a tank or external
source, it is termed a Supplied Air Respirator (SAR). But if the
breathing air reaching the worker is simply the air already
surrounding him or her, but filtered or cleaned by the respirator, it
is considered an Air Purifying Respirator (APR). Sometimes batteryoperated pumps are used with APRs to make their use easier for
the worker, in which case they are called a Powered APR, or PAPR.
Another way of saying all this is that there are two main types
of respirators: APRs, which use filters, cartridges, or canisters to
remove contaminants from the air you breathe, and atmospheresupplying respirators (SARs), which provide you with clean air from
an uncontaminated source.
Different types of respirators offer different levels of protection.
The measure of a respirator’s protection capability is called the
Assigned Protection Factor or APF. This is a number that OSHA
has assigned to each class of respirators and represents the level
of protection from airborne exposure each class of respirators is
expected to provide. The larger the number, the greater the level
of protection. For example, when used properly, a respirator with
an APF of 10 will reduce your exposure to 1/10th the concentration
of the contaminant in the air. Similarly, a respirator with an APF of
50 will reduce your exposure to 1/50th the concentration of the
contaminant in the air. In the example stated earlier for iso-octane
with a maximal measured airborne concentration of 1,000 ppm, a
cartridge respirator with an APF of 10 would mean that the worker
in that environment would really only be breathing in iso-octane
at about 100 ppm (1000 measured ÷ 10 APF = 100 ppm exposed),
well below the OEL of 500 ppm. APFs and some common types of
respirators are illustrated in Figure 4.

Personal Protective Equipment | 143

APRs
An APR respirator will need
different
cartridges,
Figure 4. Common respirator types
and their assigned protection factor,
APF. OSHA illustration.

types
or

of

filters,
canisters

depending on the type and
amount

of

airborne

contaminant in your workplace.
It

is

the

hygienist’s

responsibility to determine which filter, cartridge, or canister is
necessary and how often it needs to be changed. And he or she must
also determine if the work atmosphere lacks sufficient oxygen; that
is, if it is oxygen-deficient, or is contaminated to the point of being
immediately dangerous to life or health. Recall that IDLH includes
oxygen deficient atmospheres, so only atmosphere-supplying
respirators such as an airline respirator or a self-contained
breathing apparatus—also known as an SCBA—can be used in IDLH
atmospheres.
Let’s take a closer look at the different types of APRs available.
There are filtering facepiece half-mask respirators, sometimes
referred to as N95s (explained later). A filtering facepiece respirator
covers the nose and mouth, and is a tight-fitting, air-purifying
respirator in which the whole facepiece functions as the filter
(Figure 5). Filtering facepieces, as seen so often during the
COVID-19 outbreak, may or may not have an exhalation valve to help
exhaled breath exit the facepiece. Filtering facepiece respirators
filter out particles and do not protect against non-particulate
hazards such as gases or vapors.
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Another type of APR the
iconic

half-facepiece

elastomeric

respirator

illustrated in Figure 4. It is a
tight-fitting

respirator

replaceable

or

filters

particulates)

(for

cartridges

or

with

changeable

canisters

or
(for

gases and vapors). In either
Figure 5. Typical filtering facepiece
respirator, one variety of the APR type.
APF = 10.

case, these are attached to a
rubber or silicone facepiece
that

covers

the

nose

and

mouth. An elastomeric halffacepiece respirator can be cleaned, decontaminated, and reused,
unlike a filtering facepiece respirator which is normally discarded
after use.
A full facepiece elastomeric respirator (Figure 4) provides an even
higher level of protection (APF = 50) than a half-facepiece respirator
because it has better sealing characteristics. Since it covers the
user’s eyes and face, it can also be used to protect against liquid
splashes and irritating vapors. Like the half-mask elastomeric
respirator, this respirator is a tight-fitting, air-purifying respirator
with replaceable filters or cartridges attached to a rubber or
silicone facepiece.
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SARs
An

SAR

supplies

clean

breathing air to either a hood or
a facepiece through a long
hose, from a source of clean air
such

as

a

cylinder

or

compressor. The SCBA defined
earlier is perhaps the most
common SAR since it is used by
virtually every professional fire
department worldwide (Figure
6), as well as by HAZMAT
responders

and

remediation

personnel. SCBAs have a tightfitting, elastomeric facepiece
that covers the user’s face. The
Figure 6. Fully self-contained
breathing apparatus (SCBA). When
rated for under water use, these are
considered SC Underwater BA, or
SCUBA units. Photo by Jay Heike.

air is supplied from a cylinder of
compressed breathing air that
is designed to be carried by the
respirator user. As its name
implies, this respirator is truly

self-contained. These respirators provide the highest level of
respiratory protection at APF 10,000.

Filters
You may hear someone refer to a respirator as an “N95” or a “P100.”
While most people use the term “N95” to refer to filtering facepiece
respirators, “N95” actually describes the type of filter material and
its protective properties. The filter material can be used in either a
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filtering facepiece respirator or in a filter cartridge that’s attached
to an elastomeric respirator. The first part of the filter’s
classification uses the letters N, R, or P to indicate the filter’s ability
to function when exposed to oils. “N” means Not resistant to oil; “R”
means somewhat Resistant to oil; and “P” means strongly resistant
to oil, or oil-Proof. This rating is only important in work settings
where oils may be present, because some oils can reduce the
effectiveness of the filter.
The second part of the classification—the number—refers to the
filter’s ability to remove the most-penetrating particle size during
“worst case” testing. Filters that remove at least 95 percent of these
particles are given a 95 rating. Those that filter out at least 99
percent receive a 99 rating, and those that filter out at least 99.97
percent—essentially 100 percent—receive a 100 rating. Another term
for such a filter is HEPA, which stands for High Efficiency Purifying
Air or High Efficiency Particulate Air (there is some disagreement
about this). Using this classification method, an “N95” respirator has
a filter that is not resistant to oil and removes at least 95 percent of
the most penetrating particles. The nine types of air purifying filters
available are summarized in Figure 7.
The National Institute for
Occupational
Health,

or

Safety

and

NIOSH,

tests

different respirator models in
its laboratory to make sure they
meet

certain

performance
Figure 7. Nine types of APRs available,
from the lowest variety (N95) to the
highest (P100). Costs for each type vary
accordingly as well, with N95 units
being the least expensive and P100
types being the most costly.

minimum

standards.

To

become

“NIOSH-certified,”

respirators

must

performance
NIOSH’s

tests

pass
listed

regulations.

the
in
For

example, NIOSH tests the filter
efficiency of the filter materials

used in a respirator.
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Selection
The cartridges and respiratory filter types shown above do not
constitute the only selection criteria that the OH must consider
when specifying an appropriate respirator. Figure 8 summarizes
some additional criteria. Since APRs merely filter out contaminants
from air that may also be oxygen deficient, they cannot be used
in such situations. Likewise, if the level of air contaminant is so
high that the respirator cannot effectively remove it or lower it
below the OEL, a respirator cannot be used. That upper use level is
known as the Maximum Use Concentration (MUC). Such situations
in industry are generally rare. However, IDLH situations are in fact
quite common, and for such conditions, only an SCBA or airline
respirator can be considered.
One might think that from a
safety

perspective

alone,

it

would always be best to simply
use the respirator with the
highest APF (i.e., an SCBA). This
is not the case for a variety of
reasons including costs, air
quality, and respirator program
Figure 8. Contraindications for the use
of APRs.

management requirements. As
shown in Figure 9, air for an
SAR such as an SCBA or airline

unit must meet strict quality and testing criteria. Air suitable for
breathing is termed “Grade D” within the profession and must be
certified as such prior to use in any airline or tanked SAR.
Compressors to provide such air need to be of a specialty type,
located in an area of known and acceptable ambient air quality. It is
wholly insufficient to simply attach an air hose from an automotive
shop supply to a regulator and mask, as such air will likely contain
oil contaminants that could adversely impact the user’s lungs and
long-term health.
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All manner of use of any respirator in an OSHA-regulated
workplace is governed by the General Duty Clause of
the Act, as well as by 29 CFR
1910.134,

the

respiratory

standard. Key elements of the
standard are shown in Figure 10
and

include

writing

and

maintaining a written program
for the items shown in the list.
As noted here and before,
because of the potential for
serious

health

implications

of

and

life

respiratory

Figure 9. Requirements for airline or
tank respirators, whether provided by
compressed air tanks or compressors.

program failures, such undertakings are highly regulated. It is true
that a hobbyist or “shade tree mechanic” can go to Walmart or
Lowes and purchase any of a variety of respirators, as their sale to
private individuals is not controlled. But for employers the
performance bar is much higher and includes things like proper
selection, fit testing, and medical evaluation prior to use of any
respirator.
For example, take the case of a 55-year-old male employee. This
fictional worker is moderately overweight and is taking physician
prescribed medication for a coronary condition. He smokes
upwards of a pack of cigarettes per day and gets no regular
cardiopulmonary exercise. As part of his job duties, he is required
to inspect closed 10,000 tanks every three months for leaks and
corrosion. Although the tanks are mostly empty, some vapors
remain, so the IH stipulates people entering the tank don SCBA
respirators. Is this person at any greater risk of doing this already
somewhat hazardous job, simply because of the added stress of
wearing and breathing through the SAR?
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Quite simply, yes. But only a
healthcare professional such as
a doctor or nurse practitioner
can make that determination; it
is certainly not up to the
employee himself or the OH. In
addition, only the OH will have
the
Figure 10. The 10 key provisions of the
OSHA respiratory protection standard.
Can you explain why No. 9 is shown in
red?

air

contaminant

data

showing existing levels and
what type of respirator with
which cartridges and APF are
capable

of

mitigating

the

hazard. Finally, ensuring the respirator fits well, and is neither too
large nor too small for the employee’s face, must be done by a
trained professional such as the IH.

Fit testing
Respirators can be classified as tight-fitting or loose-fitting. Loosefitting respirators do not depend on a tight seal with the face to
provide protection, so they do not need to be fit tested. On the
other hand, use of tight-fitting respirators requires professional fit
testing. Tight-fitting respirators need a tight seal between the res
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pirator and the face and/or
neck of the user in order to
work

properly.

respirator’s

If

the

seal

leaks,

contaminated air will be pulled
into the facepiece and can be
breathed in. Figure 11 shows
such

a

case.

Therefore,

anything that interferes with
the

respirator

seal

is

not

permitted when using this type
of respirator. This could include
facial

hair,

scarves,

earrings,

wigs,

and

head

Figure 11. The author wearing an N95
respirator to protect against nuisance
drywall dust. Notice in the right photo
that following use there is evidence of
fit failure around the nose due to
leakage downward from the top of the
nose.

facial

piercings.
Fit testing requires specialized or sophisticated testing equipment
and a standard testing procedure. It can be qualitative in nature,
QLFT, meaning the respirator is either shown to be effective or
not, or quantitative, QNFT. In either test, cartridge respirators must
employ the suitable cartridge for the challenge agent, and then that
cartridge might need to be changed out for one specific to the
actual workplace hazard to be encountered.
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Qualitative
requires

the

fit

testing

employee

don

their respirator and sit inside a
small exposure space. In this
setting, one agent, of four nontoxic but highly sensory agents,
is released (Figure 12). If the
individual smells or tastes the
Figure 12. The 4 usual sensory
challenge agents in qualitative fit
testing. Isoamyl acetate smells like
bananas; irritant smoke causes the
subject to cough if detected; saccharin
is tasted for the sweet substance it is;
and bitrex produces a bitter taste.

material, it is clearly bypassing
the face seal of the respirator
and shows the fit test has failed.
QNFT can be accomplished
with

one

technologies,

of

several
including

negative pressure leak testing or condensation nuclei particle
counting. Of these two methods, the first is intuitively simpler (think
“suction on face” test), but the second is more frequently
encountered. In CNC fit testing, the seal of the respirator to the face
is tested with a known concentration of challenge agent—usually
just the background concentration of particles in the air—and the
number of particles inside the mask measured simultaneously. This
results in a ratio of the two concentrations called the fit factor,
which is then judged to be sufficient (or not) for use in the expected
real-world use atmosphere. Unlike the simple qualitative test, the
quantitative test can indicate the degree of fit through the fit factor
it produces.
In either variety of fit test, the user is instructed to perform a
number of repeated movements designed to challenge the skinrespirator seal and cause a leak in the event of a poor fit. These
movements include moving
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the head up and down, left to
right,

and

speaking.

The

Rainbow Passage is read by the
user at one point in the testing
to see the effects of speech on
the seal (Figure 13).
A properly fitting respirator
configured with the correct
cartridges or suitable sized face
piece can be used to help

Figure 13. The rainbow passage read as
part of all fit testing protocols.

safeguard the employee against
workplace airborne agents. It should be recalled that PPE such as
this is the least preferred method of OH control. Nevertheless, along
with other PPE identified through the job hazard analysis—gloves,
goggles, fire retardant clothing, safety shoes, and so on—PPE plays
an extremely critical and effective role in helping the employer meet
their responsibility of providing a workplace free of recognized
hazards.

Questions and problems
1. Firefighters go into burning buildings with tanks of this on their
backs.
a. oxygen
b. nitrogen
c. air
d. nitrox for SCUBA
2. The first and most significant trait used to distinguish
respirator types is:
a. half face or full face piece
b. air purifying or atmosphere supplying
c. self-contained or airline
d. air purifying or powered air purifying
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3. A respirator cartridge that is stamped P100:
a. Would be for blocking 100 percent of all particulates
b. Would be for filtering out >100 percent of all particulates
c. Would be a HEPA filter that is oil-proof
d. Would be the first choice for nuisance dusts
4. OSHA requirements that must be met before allowing an
employee to use a respirator include:
a. Gaining medical approval for the person who will wear
the respirator
b. Proper cleaning, training, and storage of workplace
respirators
c. Fit testing of the employee’s actual respirator type
d. All of the above
5. List the characteristics of an IDLH atmosphere.
6. True or false: There are no OSHA requirements of basic safety
PPE like head coverings and face or eye protection.
7. Differentiate between qualitative and quantitative fit testing.
8. Define these acronyms: APR, APF, SAR, SCBA, PAPR, MUC, OEL
and HEPA.
9. Rank from highest to lowest the APF of the three respirators
listed.
a. SCBA > Filtering facepiece > Half mask
b. SCBA > Half mask > Full face
c. Full face > Half mask > Filtering facepiece
d. Filtering facepiece > SCBA > Half mask
10. Explain two reasons why a medical evaluation is required prior
to requiring an employee to wear a respirator in the workplace.
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8. Biological Monitoring and
Health Surveillance
Learning objectives and terms

Define health surveillance.
Understand the significance of biological monitoring to
health surveillance.
Identify types of biological measurements.
List two requirements of the OSHA lead standard.

Terms
•

ACGIH

•

Biological monitoring

•

Exfoliative cytology

•

Expired air

•

Health surveillance

•

Media
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Introduction
Health surveillance is a generic term to mean any process or
procedure undertaken to assess, review, or monitor an individual’s
health in order to identify or detect any significant change from
normality. Monitoring in this regard can be done for the benefit
of the employee or as part of the terms of employment by the
employer. Many times health surveillance will incorporate biological
monitoring as a key element of information gathering.
There are three usual reasons for health surveillance at work. One
is to ensure adverse health effects related to the work are identified
at an early stage. Sometimes this is statutory, like biological
monitoring for lead in the blood where Pb exposures are common.
A second reason is to ensure continued medical fitness for specific
tasks like diving or firefighting. Both are jobs in which added stress
to the cardiopulmonary system is expected owing to the use of
supplied air respirators. The third reason is to promote general
health within the employee population, with an eye toward nudging
employees toward healthier habits that might lower a company’s
group insurance rates. This is often the reason behind larger
employers establishing workplace gyms or fitness centers on site
(Figure 1).
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Figure 1. Company owned fitness centers and classes for employees are often
seen as a valuable perquisite by employees, but also help lower group
insurance rates for the employer. Photo by bruce mars.

Health surveillance, and the associated sub-pursuit of biological
monitoring, typically includes a number of shared goals and
concerns. Tests run must be highly sensitive and specific in their
ability to detect adverse effects at an early and hopefully reversible
stage. Sample collection must be secure when involving personal
health parameters, safely performed by qualified, competent, and
often licensed healthcare professionals, and preferably non-invasive
or painless. Cost should also be a consideration, as should the enduse of the personal data collected. Finally, results of health
surveillance should lead to some perceived benefit to the health
of employees, and if done for compliance with company policies,
their rights recognized, communicated, and preserved throughout
the process.
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Biological monitoring
Biological monitoring is an integral part of health surveillance and
is the measurement of human tissues, fluids, or behavior in
comparison to what is considered to be a normal range of values.
Monitoring like this takes a different perspective from most OH
sampling because personal air sampling (as described in earlier
chapters)
employee’s

looks

at

contaminant

breathing

zone

concentration

before

intake,

around

while

the

biological

monitoring attempts to examine those same materials, their
metabolites, or their reaction products, within the individual’s body.
For this reason, monitoring can establish not only exposures but
also those chemical effects on the individual employee.
Biological monitoring frequently requires samples of a person’s
fluids like blood, urine, expired air, sweat, breast milk, or DNA and
requires intense medical confidentiality for a variety of reasons. The
field sobriety tests administered by police to suspected intoxicated
drivers are an excellent example because the concentration of
ethanol in one’s expired air is scientifically correlated with that
person’s blood alcohol concentration (Figure 2).
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Figure 2. Expired air “Breathalyzer” testing for blood alcohol concentrations
by police is an accepted form of biological monitoring authorized by society
for the safety of the community. Photo by Jordan.

Biological measurements can determine the content of a toxic
material or its metabolite in blood, urine, and breath and its effects
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on enzyme systems or metabolic pathways. They can also detect
early reversible tissue change and physiological and immunological
changes. For this reason, sometimes when looking at an employee’s
blood for a specific workplace contaminant, other materials might
be found (e.g., tumor products indicating tumor growth and possibly
cancer). Thus, testing can be beneficial in some respects but raise
additional concerns when unexpected results are seen.

Blood
OSHA regulations found in title 29 of the US Code of Federal
Regulations, part 1910.1025, mandate employee blood lead level
determinations under certain scenarios. Specifically, when airborne
exposures

accomplished

by

the

OH/IH

specialist

show

concentrations exceeding 50 ug/m3, individually exposed blood
levels in lead must be determined. An action limit (AL) also has
been established such that medical surveillance of any employee
exposed above 30 ug/m3 is also instituted. These rules pertain
to any employee at or above the AL for more than 30 days per
year and, like many OSHA standards, have exacting record keeping
requirements as well.
Other measurements relevant to blood might assess full blood
count and hemoglobin as ways to detect lead, benzene, and alcohol
levels. ACGIH has Biological Exposure Indices (BEIs) established for
a variety of agents in a variety of media, such as end of work shift
breathing air, prior to next shift urine, and carboxyhemoglobin in
the blood. These measurements may also monitor blood serum to
determine baseline antibody levels in pathogen exposure, as might
be the case for a healthcare worker exposed to Hepatitis B virus.
Liver function tests based on blood samples can detect alcohol and
hepatotoxic chemicals in the blood, and renal function tests can
show up kidney toxins. Still other measurements determine toxin
levels present, or their metabolites. Such is the case when ACGIH
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recommends end of shift monitoring for phenol in the urine, as an
indication of benzene exposure in the chemical industry (Figure 3).

Figure 3. Blood samples collected for one reason by the
employer (e.g., phenol as a surrogate for benzene exposure)
might test positive for other conditions highly relevant to the
health of the employee (e.g., genetic diseases or tumor growth
products). Photo by Hush Naidoo.

Urine
Biological monitoring of urine (Figure 4), like testing of blood, can
look for the specific exposure chemical in
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the urine sample unchanged
(vis-a-vis acetone in urine after
breathing

acetone).

urinalysis

may

metabolite

of

Other

look
the

for

a

exposure

chemical (dimethyl arsenic V
following

exposure

to

elemental airborne arsenic) or
the level of metabolite o-cresol
following

toluene

exposure.

Figure 4. Urine testing includes the
chemical of exposure, its metabolites,
or indicators of internal damage such
as proteins. Photo by Elevate.

Still other urine testing looks
for bodily cells in a technique known as exfoliative cytology, to
detect bladder cancer. Finally, protein can be measured to detect
kidney damage, bile to monitor jaundice, and sugar to monitor
diabetes, which is relevant to shift work and public service vehicle
driving.

Complications
Although biological measures of exposure can be accomplished,
they are not a widespread or universally embraced approach to
workplace

chemical

exposure

assessment.

Collecting

bodily

samples is not normally considered the domain of the occupational
hygienist, and in most places is a medically controlled, licensed
undertaking. This monitoring can be expensive and entail a heavy
administrative load related to onerous recordkeeping and data
security.
In addition to the technical issues related to specific tests,
logistical problems of sample collection, conflicts pertaining to legal
and illegal drug use that might be found, and socio-political
concerns abound. Arranging for a blood or urine test poses
logistical issues of getting the sample collected in a timely manner
or having the employee report for sampling soon enough after
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exposure to have the measurement relevant. Furthermore, some
states have legalized marijuana for recreational use, but a company
may have a policy that prohibits its use, or the policy is inconsistent
between productions sites in different states (Figure 5).
Matters such as these open the door to legal conflicts, lawsuits,
and issues of a constitutional nature (i.e., the pursuit of happiness).
In some instances, invasive sample collection can raise questions of
a social-political nature: Is mandatory drug testing a legitimate right
of the employer, or an invasion of U.S. privacy laws?
Basic biology also complicates biological monitoring. In the case
of cannabis, even a single use (e.g., Friday night, after work) can
remain detectable in the employee up to three days (e.g., end of
shift, Monday afternoon). So while the biological half-life of the
material is relatively short, it does linger, begging the questions of
whether detection implies impairment.
The harder an individual works, the greater his or her potential
exposure to some workplace hazards. Physiologically speaking, the
alveolar ventilation demand of a sedentary employee compared to
one performing moderate work might be four to five times less.
That same moderately working person may be pumping over twice
as much blood per minute through their heart compared to the
at rest person. Thus, the amount of exterior contaminant entering
the body of the second person could be significantly higher than
that entering the first. Yet if both were sampled by the conventional
PAS pump/media device, their exposures would look essentially
identical. In instances where a leaking respirator might be used, or
an agent can enter the body by more than one route of exposure
(especially “Skin” notation chemicals), only biological monitoring
could detect such an elevated exposure.
This latter example explains some of the added rationale for using
biological monitoring but also highlights some of the complications
inherent to it. The OSHA standard for exposure to both persons is
the same but clearly one has a much greater potential for intake,
circulation, and distribution of the chemical of exposure. So does
the airborne exposure concentration limit of OSHA, where adopted
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from ACGIH, not adequately protect the person even though it was
established “…to protect nearly all workers”? Added confounders
of biological indicators include sample security matters like
adulteration or substitution, molecular competing pathways, and
unrecognized metabolic issues. Thus, the setting of presumably safe
levels as attempted by the ACGIH BEI® levels can be involved,
imprecise within a workplace, inaccurate among individuals, and
subject to variable scientific interpretation.

Figure 5. Is this a photo of a person using an illegal drug? If
caught, should this person be terminated? The answers to
those questions are part of the complications inherent in the
use of biological monitoring in workplace. Photo by Thought
Catalog.

Other assessments
The majority of this chapter has dealt with hygiene-related
monitoring, which revolves around blood, urine, and breath
samples. Yet there are other highly specialized and occupationcentered exams that might be accomplished. Some of these include
measurements for skin allergy or reactions like gross appearance
and prick testing. Vision measurements may be acuity tests or color
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blindness tests necessary for occupations in aviation or railways.
Audiometry testing can measure the lowest intensity of hearing, and
lung function tests can measure lung volume and airway resistance
for prospective respirator users. Other types of tests, such as xrays, are useful for conditions such as infection or pneumoconiosis,
while neurological tests can measure mental function, nerve
transmission or early tremors.

Questions and problems
1. When learning of a new “Biological Exposure Index”, the IH might
be expected to sample:
1. mold, viruses, and/or bacteria in air
2. blood, urine, and feces, sweat, hair, and expired (exhaled) air
from the worker
3. door knobs, table top surfaces, hand washing sink controls,
and urinal flush handles
4. airborne concentrations of inorganic particulates
2. Explain why the legalization of marijuana could cause problems
for US employers with zero-tolerance policies are in place.
3. List 3 types of media that might be taken from a worker to
conduct workplace-exposure based biological monitoring.
4. OSHA regulations only pertain to samples of hazardous
chemicals in the air, and not to exposures that result in blood or
urine levels.
1. True
2. False
5. List 3 occupations where some form of biological monitoring of
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any variety might be employed, and state the chemical of exposure
and the chemical in the media sampled.
6. What role does physiology play in the interpretation of
biological monitoring results?
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9. The Professions of
Occupational Health and
Safety
Learning objectives and terms

Understand the role of occupational hygienists in their
workplaces as managers, educators, and trainers.
Know key skills that effective hygienists employ in their
work.
Be able to explain the nature of safety hazards that an OH
is typically expected to be able to evaluate and control.

Terms
•

Quality assurance

•

Key skills

•

Occupational Outlook

•

Chemical Agents

•

Biohazards Agents

•

Physical Agents
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•

Radiation Agents

Introduction
The occupational hygienist’s role in the workplace is based around
education and training. The foundation of this training begins with
making managers and employees aware of occupational rules and
hazards by distributing materials highlighting this information.
Next, the hygienists focus on fundamental principles, leading
courses designed for non-specialists. The intermediate level of
training and education features practical modules that lend handson practical training. A hygienist may then move to a more advanced
level, which includes academic effort and recognized professional
qualifications. The final level is leadership training for professional
occupational hygienists.
The organization of occupational hygiene services depends on
three characteristics of the workplace, including the size and
resources of the organization, the need for specialist expertise, and
the availability of outside help.

Roles of occupational hygienists
Occupational hygienists hold many responsibilities in their
workplaces (Figure 1). For example, they must know their
workplaces and the processes, workers, materials, and sources of
exposure involved there. They must understand legal requirements
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and recognize potential for exposure, using that knowledge to
design appropriate workplace programs.
They

must

purchase,
maintain

also

select,

calibrate,

and

appropriate

field

equipment. This equipment is
used

to

conduct

surveys,

evaluate risk, store and retrieve
data, assess control methods,
and
Figure1. Six common tasks every OH
will need to performed at sometime in
his or her career.

procedures
formulating,

of

their

auditing,

workplace.
and

recommend

new

or

improved control measures.
Much of the hygienist’s role
involves
They

monitoring

policies
are

responsible

these

policies

and
for
and

procedures, as well as recommending new policies and procedures
and educating management.
In other professional capacities, the hygienist supervises other
hygiene staff, serves on committees, conducts research, and
proposes or reviews legislation related to occupational hygiene.
Hygienists evaluate the quality of the systems in place in their
workplace, normally as part of site or corporate audits. This quality
assurance involves the size and status of the organization, the
management structure and culture, the caliber of staff employed,
and the services offered. Increasingly, such QA steps are either
dictated by or subscribe to established national or international
standards, such as those promulgated by groups such as the
International Standards Organization (ISO), the European Union
(EU) or the British Health and Safety Executive (HSE).

Specific areas of professional interest
In descending order, the areas of most OH activity—on average—are
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chemical, physical, biological, and radiation. This is an arguably
subjective listing, yet it is defensible for a variety of reasons beyond
the scope of this text. Chemical safety issues tend to dominate
because they are so commonly encountered in industries of all
sorts, as well as in white-collar environments subject to indoor air
quality concerns. Physical issues prevail in the manufacturing sector
where workers perform repetitive tasks daily over many years.
Biohazards and biological safety issues are often limited to
healthcare sector activities only, or specialized research, and the
same can be said of many of the safety issues where radiation and
radioactive agents are found.
Chemical issues are everywhere and in almost everything. When
you think about it, other than light, sound, and radiation, pretty
much all a person encounters in life is made up of chemicals. And
chemicals are made up of compounds of elements, themselves made
up of atoms, themselves made up of sub-atomic particles and
energies. Examples of some of these are listed in Figure 2, and
include such infamous elemental substances as mercury, cadmium,
and beryllium. Explosive hydrogen, H, chemically bound to reactive
chlorine, CL, gives us the highly corrosive hydrochloride acid, or
HCL.
Moving from the chemist’s shelf to the janitor’s cart, we find
things like the hobbyist’s solder for electrical wires made of copper,
liquid paper in the clerk’s desk drawer, and 409 spray cleaner on the
janitor’s cart. But don’t forget the wastes from these and all other
anthropogenic sources, since all that we create or use ultimately
gets

used

up

to

become

a

waste

product.

Even

food

additives—diacetyl added to popcorn as a flavor—is a chemical that
when used in food production volumes has caused workplace safety
issues for employees under the purview of the OH.
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To the OH, things that go
bump in the night at the
workplace

are

considered

physical agents. This is a very
broad term that covers all sorts
of lived traumatic events like
bumps,

bruises,

contusions,

avulsions, cuts, scrapes, and the
Figure 2. Examples of Chemical Agents
managed by the OH.

like, but also chronic outcomes
from

micro-traumas.

micro-traumas

can

These
have

a

cumulative effect when not enough healing time is permitted
between such injuries (as might occur in a workplace where the
same injury happens each day every time a particular motion or lift
or task is performed). So called cumulative trauma diseases (CTD),
work-related musculoskeletal diseases (WMSD), or simply repetitive
stress injuries (RSI), all form a group of worker safety issues
considered ergonomic risks (Figure 3). When an ergonomic
situation becomes so bad that injuries occur, their RSI, CTD, or
WMSD may become a Workers’ Compensation (WC).
These days when mention is
made of a biohazard most
people will likely remember the
COVID-19 pandemic of 2020.
Beginning with an animal virus
that moved to humans in China,
as of this writing the disease
was responsible for thousands
of deaths among elderly and atrisk persons. Normally the stuff
of

epidemiologists,

Figure 3. Examples of Physical Agents
managed by the OH.

this

infamous biohazard entered the realm of the OH and EH
communities once respiratory protection, containment, and
hygiene practices emerged as means of protection from it.
But COVID-19 is only the latest on a long, historically significant
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list of biohazards through the years. AIDS, tuberculosis, “Black
Mold”, hepatitis, and more have all been—and still are—concerns
for OH professionals in places like hospitals, clinics, and biological
research laboratories, to name just a few. A more complete but still
quite general listing is shown in Figure 4.
When examining that listing, one might question the inclusion
of places such as airports or schools, daycares, places of worship,
or other places of assembly. But when things like used syringes
(legal or otherwise) can be found in bins and refuse containers, the
safety of those workers potentially exposed must be considered. For
similar reasons, most police, fire, and medical responders within the
community are included. Department of Defense (DOD) exposures
to biohazards might entail bioweapons and other agents often
lumped together under the chemical, biological, radiation, and
nuclear (CBRN) acronym. Testing and research facilities for any of
these are likewise included. Finally, government and university
research facilities focused on infections diseases, their control, and
cures are regulated by CDC-NIH guidelines pertaining to safe
research in those institutions.
Radiation safety is the usual
fourth

category

of

hazard

called out for the specialized
evaluation and control by the
OH professional. Entailing all of
the hazards and issues shown
in Figure 5, radiation holds
something of a special status
Figure 4. Examples of Biohazards
Agents managed by the OH.

among the categories, mostly
because it tends to be the least
encountered and thus, perhaps,

the least understood by the lay community. Yet radiation and
radioactive hazards are as frequently encountered as the water we
drink and the air we breathe. Radioactive isotopes are in the food
we eat, in the air we breathe, are emitted by the doctor or dentist
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X-ray unit, and may very well protect us from smoke and fire when
used in home smoke alarms.
It is safe to state that virtually everyone the world over has some
exposure to man-made radio frequency radiation, either from radio
stations or the ubiquitous cellular telephones we hold in our hands.
In more industrial settings, these non-ionizing sources of radiation
can include UV light from a welder’s arc, the infrared waves from
heat lamps, or any other manufactured source of electromagnetic
radiation.

Professional groups
Beyond the basic and applied
science
Figure 5. Examples of Radiation Agents
managed by the OH.

skills

necessary

to

accomplish the tasks listed in
Figures 2-5, there are other so
called “soft” skills involved in

the IH profession. It has been said that people like to work with data,
or things, or people. But in the OH job, one is really required to do
all three to a greater or lesser extent, depending on the particular
problem at hand. An effective hygienist utilizes many key skills, and
these include:
• Executive and administrative skills such as setting objectives,
planning, supervision, problem solving, decision making, time
management, delegation, budgeting, and auditing
• People management skills, including recruitment interviewing,
training and development of staff, counseling, disciplinary
interviewing, team building, leadership, and motivation
• Communication skills like report writing, making presentations
and public speaking, handling meetings, persuasion, and
negotiation
• Adult learner education in a variety of topics, from basic things
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like “back safety school” and how to insert earplugs properly,
to more difficult topics like explaining chemical toxicity or
radiation dose calculations.
Any professional can benefit from additional learning, whether it be
in the managerial and people skills mentioned above, or in more
technical parts of the job. Like most professionals, ongoing
professional education and advanced learning is required of the OH,
especially one who is considered certified. A certified industrial
hygienist, or CIH, is an IH or OH who has completed a generally
recognized set of college level courses necessary to perform the
usual functions of an OH. In addition, to earn the CIH title, the
individual must pass a comprehensive and exacting examination,
normally taken only after working in the profession for a period of
four to five years. Only by passing the CIH exam will an IH become a
certificated CIH so-designated by the American Board of Industrial
Hygiene (ABIH).
Most serious IHs, certified or
not, are members of either the
American Industrial Hygiene
Association

(AIHA)

or

the

American

Conference

of

Governmental

Industrial

Hygienists (ACGIH), and some
hold dual memberships. More is
Figure 6. The two leading occupational
hygiene organizations in the USA were
officially estab-lished within a year of
each other.

said

about

both

groups

elsewhere in this book but
especially in the chapter on the
history of occupational safety

and health. Both the ACGIH and AIHA have a long history of
volunteerism by their membership to create appropriate and
meaningful standards for workplace safety (Figure 6), and both
organizations—in conjunction with still others not mentioned
here—sponsor professional education of their members on a
frequent and ongoing basis.
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One of the premier such venues is the American Industrial
Hygiene Conference and Exposition, typically held each year for
a period of three to five days. At this AIHCE, attendees can learn
about the latest developments and associated concerns, review new
data from emerging and changing work environments, and attend
all-day focused learning sessions on specialty areas of interest. Such
Professional Development Courses, or PDCs, are offered on topics
such as noise control, risk management, dataset analysis,
professional communications, and most of the topics listed in
Figures 2-5 above.

Occupational outlook
According to the U.S. Department of Labor, the professions of
occupational hygienist, industrial hygienist, and safety professional
are expected to be in demand for the immediate future. There are
a variety of factors for this. One is that the educational background
for the OH and IH is quite advanced and rigorous. In fact, many IHs
traditionally came out of the basic sciences of chemistry, physics,
and biology and then completed graduate education in the specialty
applied science that is OH. With the passage of the OSHA law in
1970, the profession saw a boom in demand and the ranks for
persons in the field grew steadily. At this time, many IHs from the
1970-1980 period are retiring, and so replacement opportunities
provide job offerings around the country.

For multinational

corporations, OHs may be promoted and placed in international
settings, leaving slots in the U.S. open to be filled.
And where exactly does a newly graduated IH or more
experienced CIH work? The greatest number of CIHs (non-certified
worker data is not available) work in chemical intensive industries,
shown in Figure 7a. Petroleum production and processing leads all
industries by more than a two-to-one margin, with one CIH per
600 workers. This is followed by drug manufacturing, water and
176 | The Professions of Occupational Health and Safety

sanitation providers, chemical importers and manufacturers, and
colleges and universities.
As seen in Figure 7b, there are
approximately

10,000

U.S.

workers for every one CIH.
Rounding out the areas of
employment

are

the

utility

industries of electricity and gas,
transportation, paper goods,
specialty mechanical devices,
and electronics and related

Figure 7a. The number of certified
industrial hygienists per workers in
the top 10 industries employing OHs.

equipment.

While

such

numbers are very likely to

change with U.S. census data every ten years, given the importance
of the U.S. economy world-wide and the leadership role
demonstrated by many U.S. corporations, drastic changes within
categories are not to be expected.
In summary, the occupational
hygienist’s
workplace

role
is

in

based

the
around

education and training, both for
the practitioner and for the
workers served by the OH. The
foundation

of

this

training

begins with the basic sciences
(STEM courses in the popular
vernacular) and advances to a
more specialized level through

Figure 7b. The number of certified
industrial hygienists per workers in
the top 10 industries em-ploying OHs.

advanced degree getting, exam and certification, professional
involvement with organizations like AIHA and ACGIH, and ongoing
professional conferences and seminars.
Working mostly in chemical intensive endeavors, but with notable
exceptions

like

healthcare,

high

tech,

and

research,

the

occupational outlook remains solid for would-be hygienists,
certified or not.
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Questions and problems
1. In the U.S., about how many CIHs exist per 10,000 employees?
2. What three industries combined employ the greatest number
of CIHs?
3. List one issue or topic of concern to an OH/IH professional in
each of the following safety topic areas:
a. Chemicals
b. Radiation
c. Physical Hazards
d. Biological Hazards
4. Describe some usual occupational hygiene activities.
5. What are the two premier, voluntary professional occupational
hygiene organizations in the U.S. at this time?
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10. Principles of Occupational
Hygiene
Learning objectives and terms

Understand and identify the categories in the industrial
hygiene process.

Terms
•

Anticipation

•

Recognition

•

Chemical hazards

•

Physical hazards

•

Evaluation

•

Control

Introduction
Occupational health and safety is sometimes declared to be merely
common sense. Not only is this an ignorant, uninformed affront to
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the tens of thousands of professionals working in these fields, but
it is also mostly wrong. That’s because the myriad of factors and
variables that go into every workplace injury or illness are ignored
in such a claim, and the cause of an adverse event is left with
the victim. While it is obvious that common sense has little to do
with the sampling of air and running a chemical analysis of such
constituents, or with an octave-band analysis of machine noise by
frequency and sound pressure amplitude, even in somewhat simple
accidents attributing a cause can be far from obvious and not easily
explained by a simplistic label such as common sense.
Take the example of a twenty-year employee at an assembly plant.
In her time there, she has likely performed the same or similar
task hundreds of time each day, at a frequency either determined
by management or incentivized through financial rewards. Should
her job require her to feed wood parts into a rotating machine for
cutting, her common sense advises caution and not getting “too
close” to the point of operation. So when the day comes that she
suffers a serious cut at her workstation, it is all too easy to blame
her for failing to employ her common sense around the cutting
tool. But there is more to it than that. Many factors could have
contributed to the injury. Did maintenance fail to change the cutting
tool head on a regular basis to ensure it remained sharp, to ensure
the employee didn’t need to force parts into it, possibly resulting in
the slip that caused the tool contact and injury? Did procurement
change vendors, so that feedstock of one type was replaced with
another, more difficult to machine, and nobody informed the
employee? Perhaps the tool manufacturer inadvertently built in a
machine defect that ultimately resulted in the cutting machine itself
being the proximate cause of her injury. Or maybe the health and
safety department mandated all employees were required to wear
gloves around such tools, and her overly large glove got caught on
the cutting tool, pulling her hand into it to cause the cut. How does
common sense explain any or all of these variables satisfactorily?
The truth is it cannot, and so a process for the elimination and
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control of workplace hazards has been established. That process is
termed the hierarchy of controls.
Controlling exposures to occupational hazards is the fundamental
method of protecting workers. Traditionally, a hierarchy of controls
has been used as a means of determining how to implement feasible
and effective control solutions. One representation of this hierarchy
is shown in Figure 1.

Figure 1. The NIOSH Hierarchy of Controls paradigm for occupational
hazards.

The idea behind this hierarchy is that the control methods at the
top of the graphic are potentially more effective and protective than
those at the bottom. Following this hierarchy normally leads to the
implementation of inherently safer systems, where the risk of illness
or injury has been substantially reduced.
The term “industrial hygiene” emerged early in the last century
when the American Public Health Association formed a specialty
area to deal with workplace health and safety, especially chemicals.
In the following 100 years or so, IH itself has morphed globally to the
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more descriptive, inclusive, and appropriate title of “occupational
hygiene” (OH), since it pertains to all hazards in all industries and
the employees found there. There are four bedrock charges to those
who consider themselves OHs, and these are anticipation,
recognition, evaluation, and control of occupational stressors and
hazards. Briefly, an OH might use schooling, advanced training, and
expert knowledge to anticipate potential hazards so as to avoid
them proactively. For new environments or new technology, the
IH/OH would at least be able to recognize conditions or materials
that could lead to health and safety concerns, whether in work
settings or even the greater community. Finally, and when issues
or concerns arise, it falls to the OH to evaluate their scope and
severity and ultimately decide upon some type of control. The basic
IH process is detailed as follows:
Anticipation
Attention in this category is focused on what could go wrong in
the workplace. This means that knowledge of current regulations
and literature is necessary. An example of this is examining how
toxic or hazardous a new process or chemical is. Anticipation
requires understanding of current literature and regulatory limits.
Recognition
Recognition focuses on catching workplace hazards. These can
include chemical hazards, like particulates, aerosols, and vapors,
and physical hazards, like noise, vibration, and temperature.
Evaluation
Evaluation is the action stage, where walk-through inspections
of workplaces happen. This category may involve measuring
equipment or techniques, conducting surveys, and maintaining time
logs. Other aspects may be talking to employees and conducting
video exposure assessments.
Control
The steps in this category are ranked administrative controls,
engineering controls, and personal protective equipment (PPE).
Examples of administrative control may be using less toxic
chemicals, altering the process to reduce human contact with
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hazards, and implementing better training and standard operating
procedures (SOP). The different biosafety levels come into play here
as well, which will be discussed in a later chapter. Engineering
controls add mechanisms to the process to protect workers. These
include ventilation, machine design, alarms, and shields. Personal
protective equipment is the final line of defense for workers. Such
equipment may be hardhats, safety glasses and other eye
protection, hearing protection, respirators, gloves, and safety shoes.

Questions and Problems
1. What is the hierarchy of controls in the context of
occupational hygiene?
2. Explain why hygiene and safety are more than “just common
sense.”
3. An industrial process is evaluated and found to be possible
using one of two chemicals. The first way of doing the process
requires the use of gloves and respirators while the second
approach calls for an expensive ventilation system but no
gloves or respirators. Discuss the merits of one approach over
the other.
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11. Future Directions in
Occupational Hygiene and
Safety
Learning objectives and terms

Develop an appreciation for the ways in which industry
changes.
List several current issues in occupational hygiene for
which there are knowledge gaps in terms of hazard
understanding.
Describe the role of the U.S. Department of Labor in
terms of OSHA regulations as well as American workforce
statistics, trends, and reporting.

Terms
•

Additive manufacturing

•

Certificates

•

Control banding

•

Globalization

184 | Future Directions in
Occupational Hygiene and Safety

•

Nanotechnology

•

New industries: batteries, solar

•

Toxic Chemical and Disease Du Jour

•

Virtual Reality Training

•

Webinars

Introduction
As the world moves into the future, so too does the occupational
hygiene and safety profession. Byssinosis is essentially a non-issue
in the US nowadays, but nanoparticles are here, and their range
of toxic effects goes largely unappreciated. Asbestos used to be
considered an ideal material in many heat and corrosive exposure
applications, but other than missile nosecones and a handful of
similarly arcane needs, it is barely used in new production in the U.S.
anymore. So, things change, materials change, hazards come and go,
and the people involved with managing these issues need to adapt
and change as well.

Key trends
In 2020, the AIHA issued its first State of AIHA Research Report,
an analysis of the trends and issues affecting industrial hygiene
and occupational health. Trends mentioned included changing
workplace staffing and exposure banding, as well as emerging and
ongoing research initiatives within the professions. Some of the IHFuture Directions in Occupational Hygiene and Safety | 185

specific topics highlighted in the report included big data, control
banding, the growth of sensor technologies within the profession,
and population trends. To paraphrase some of these focus areas of
the report, all decisions regarding the acceptability and accuracy of
anticipating, recognizing, evaluating, and controlling health hazards
depend on supporting data. Hygiene and safety professionals in
the 21st century need to be able to leverage data-management
technologies to inform risk assessment and management decisions.
Related to some extent to such data, control banding
(synonymous with exposure banding) is an approach to workplace
chemical hazards management that attempts to group chemicals
by hazard severity and institute controls appropriate for those
groupings. It has been estimated there are some 70,000 chemicals
present in commercial products, yet the number of OSHA
occupational exposure limits are written for less than 500 of those.
Because of political issues, there will continue to be difficulty
updating OELs, so exposure banding offers an alternative way to
manage such risks. Evaluation for control of such chemicals is
evolving, too. New types and applications of sensor technologies
may change the OH approach to determining workplace exposures
to these chemicals, with continuous monitoring of plant areas now
practical and cost-effective.
With such changes, the need for education and training of new
professionals must change as well. Newly degreed IH and safety
professionals might be prepared to obtain various certificates
related to proficiencies in all these areas—data, control banding,
and the use and application of direct-reading instruments for the
detection of gases and vapors. The delivery of such training will also
evolve. Telling the future is the stuff of futurists and charlatans, but
it is certainly safe to say that webinars and electronic meetings for
the dissemination of new materials, topics, and critical information
will be increasingly common in opposition to national gatherings at
conferences as has been done in the past.
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Changing workforce
In the immediate decade
ahead,

not

technology

only
and

will

OHS

applications

change but so too will the
workforce they are used to
protect. For example, the U.S.
Department of Labor Bureau of
Labor Statistics projects that
from 2018 to 2028, the Hispanic
share of the U.S. labor force is
projected to increase more
than that of any other race or
ethnic group, increasing from
17.5 percent in 2018 to 20.9
percent in 2028 (Figure 1). From
2018 to 2028, the share for
Hispanic men is projected to
Figure 1. Workforce changes moving
from the ‘20s toward the ‘30s.

increase from 9.9 percent to 11.7
percent, while the share for
Hispanic women is projected to

increase from 7.5 percent to 9.2 percent. In the same period, the
share of the labor force for White men is projected to decline
slightly from 42.0 percent in 2018 to 40.3 percent in 2028. The share
for White women is projected to decline less rapidly than that for
men, from 35.6 percent in 2018 to 35.1 percent in 2028.
Black and Asian American groups are both projected to increase
their share of the labor force from 2018 to 2028. The share of the
labor force for Blacks is projected to increase from 12.6 percent in
2018 to 13.0 percent in 2028. The share for Asians is projected to
increase more than any other race, from 6.3 percent in 2018 to 7.3
percent in 2028.
Implications for such changes can be anticipated in work areas
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affected by anthropometric pressures, most notable human factors
engineering and ergonomics. Given the high importance placed on
worker education, not only by OSHA but by business in general,
bilingualism and related accommodations in health and safety
training efforts can confidently be expected in the mid-to-long
term American workplace. Finally, to the extent some races or
genetic backgrounds are more prone to hazards of a particular type
(e.g., allergies and chemical-specific metabolic differences), health
and safety staffs will need to be alert to the potential for emerging
workplace illnesses in such sub-populations.
The very nature of American production in the years ahead is
both exciting and challenging. As illustrated in Figure 2, the fastest
growing opportunities include jobs in the alternative energy sector,
the aging population services areas, and security concerns. One
job title with well-recognized employee hazards leads the pack in
terms of new jobs created, and that is the Personal Care Aide. How
health and safety professionals can come to terms with instituting
prevention and safety programs in what has traditionally been a
home-based job should prove to be novel at the very least. A
paradigm shift in workplace regulatory approaches may in fact be
necessitated by what may ultimately come to be considered a
workplace “loss leader” in occupational injury statistical analyses yet
to be done.
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Figure 2. BLS predictions of major job growth areas in the next 10 years.

Areas to Watch
Nanotechnology
Nanotechnology and nanoparticles refer to physical or chemical
hazards that are in the range of 1/1,000,000,000 meters, or about
one billionth of a meter (10-9 meters, or nm). Very small indeed.
By comparison, a typical mold spore or bacterium is three to four
magnitudes larger, or about 1 micrometer (1 µm). Things in that size
range may be capable of easily entering the human body, especially
when inhaled or ingested, and there are concerns and limited
evidence that simply because of their size, nanomaterials present
new toxicological profiles different from what has already been
reported.
Currently, there is limited occupational safety information on
nanoparticles. Therefore, prudent avoidance by employees using
nanotechnology is called for, and precautionary control measures
and policies are being utilized to limit exposures. One such example
is the nanomaterial risk levels that have been adopted by the
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University of North Carolina (Figure 3). The Centers for Disease
Control and Prevention and the National Institute for Occupational
Safety and Health have published quite extensive guidance materials
regarding proper engineering controls and personal protective
equipment specific to the nanotechnology, but long-term health
effects of working with such materials remain to be seen.

Figure 3. UNC nanotechnology risk levels. n.b. This is an incomplete table
shown as an example only; two additional levels are described in the full table.

Additive Manufacturing
The term additive manufacturing (AM) has been coined to
describe the creation of goods through a building up of materials
process, in contrast to a reductive process that cuts, grinds, shears,
or otherwise reduces stock material to a finished form. The most
common type of AM is 3D printing. The potential for much less
waste production, the ability of create objects that previously were
not possible, and the ability to use heretofore unavailable feedstocks
(e.g., biological cells, food proteins) has manufacturers exploring 3D
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printing and AM in earnest. Where successful, products from these
processes will be innovative, customized, and otherwise highly
marketable and profitable.
Controlling sawdust from wood cutting in the furniture
manufacturing industries is quite well understood. So too is the
mitigation of risks with metal machining, finishing, polishing, and
painting. Ergonomics in the assembly occupations (e.g., Ford,
Honda, Toyota, GM), as well as in warehousing facilities (e.g., USPS,
UPS, Amazon), has been the focus of study and refinement for over
100 years. But AM presents new hazards for new reasons. Particles
are still an issue, but unlike the coarse dusts of milling and grinding,
3D printers generate ultrafine particles, as well as gaseous vapors.
As printing with biological materials advances and production scales
up, it is plausible to anticipate hypersensitivity and dermatitis
diseases in reaction to components already known to precipitate
such issues. And while current openly-discussed AM processes
appear to be limited to small prototyping endeavors in systems
not much larger than the home refrigerator, there are reasons to
believe large-scale objects are forthcoming. News reports in 2020
have shown homes entirely created by 3D printing and small car
bodies as well. It is logical to assume that as scale increases so too
will exposure concentrations and potentials.
Toxic Chemical or Disease du Jour
Well known chemicals are sometimes implicated in previously
unknown diseases or illnesses, and chemicals created de novo in the
laboratory make their way into the consumer world where they are
essentially unwittingly tested on a large scale for adverse effects
on the consumer population. While that may seem a rather cynical
perspective, it does in fact have a large body of scientific support
as evidenced by humankind’s past approaches to the introduction
of new materials into commerce. The problem has become so well
known that some thoughtful societies have introduced the notion
of the Precautionary Principle. That control on the unregulated
introduction of materials into a naïve population has been
championed mostly in European nations, where it attempts to
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examine new chemicals or new uses of old chemicals for adversity
prior to widescale use.
Absent a more cautionary approach to innovation and materials,
communities and employees are destined to continue a trial-anderror system of chemical toxicity evaluation. While unfortunate,
health and safety professionals are rarely surprised when such a
“disease of the day” (du jour) results. Before the age of science,
people and governments might more easily be forgiven as they
simply did not know any better. But nowadays, even with modern
toxicology, society remains full of examples of such events.
Examples are plentiful (Table 1).

Globalization
As so dramatically demonstrated by the COVID-19 coronavirus
outbreak of 2020, and its almost immediate impact on global trade,
financial markets, tourism, travel, production, and more, the world
has necessarily become an interlinked global community. As part of
the activities so involved on the global scale, occupational hygiene
and safety in the ’20s onward has likewise evolved into a global
matter. Both micro-scale concerns like the exposure of child
laborers breaking lead-acid batteries in Vietnam and macro-scale
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issues like nuclear releases from the Fukushima reactor in Japan are
examples to cite.
In the U.S. in the latter half of the 1900s, production of goods and
services was largely a nationwide undertaking, with the attendant
health and safety problems mostly limited to the contiguous 48
states. In fact, it is that last-century production legacy that is to
blame for the hundreds of hazardous waste sites now managed by
the U.S. EPA. But as the European Union took shape and China
and Asian economies grew, so did their potential health and safety
concerns. In some non-U.S. locations, there appeared to be
excessive concern with environmental or employee safety, while in
other global locations it was the lack of concern that prompted
attention. Because of cheaper labor in Mexico and other locales, any
number of so-called “dirty industries” have simply been outsourced
to non-U.S. locations where employment laws and safety can be less
onerous or compelling.
At the same time much U.S. production has moved offshore, the
notion of sustainability and environmental responsibility has grown.
Thus, some companies may find hygiene and safety issues largely
ignored in some countries but of preeminent concern in others.
Shipbreaking in India serves as a tragic example of the former while
medium-to-heavy industrial production in the European Union
countries describes the latter. What happens in America happens
worldwide in many instances or drives global production. For
example, the advent of cheaper solar electric panels from China has
created a fast-growing job market in the U.S., with producers eager
to adopt renewable energy sources. The same could be said about
transportation actions, with an intense current interest in wholly
electric cars, trucks, buses, and even motorcycles and drones.
With these global trends and changes, occupational health
problems shift accordingly. One obvious focus will be on the U.S.based jobs in need of the safety and health function (as mentioned,
solar energy and its attendant need for new battery storage
technologies).

But

more

universally,

hygiene
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safety
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practitioners in the ’20s onward would be well advised to not only
keep an eye on world events and happenings but to also more
proactively update or develop skills to address those opportunities.

Questions and problems
1. Describe one or more workplace materials or production methods
in American industry that have changed in the last 100 years. Some
answers are in this text but feel free to research or report on others
of interest.
2. List several current issues in occupational hygiene for which
there are knowledge gaps in terms of hazard understanding.
3. Explain how the US Department of Labor is involved in tracking
or providing statistics that might portend workforce trends in the
near-to-mid-term time period.
4. Explain:
a. Nanotechnology
b. Control banding
c. Webinars
d. Additive manufacturing
e. Big data
5. Explain how globalization of American corporations might
affect the job prospects and nature of tasks of occupational
hygienists and safety professionals in the next 10-20 years.
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